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APPENDIX 


lAliLIiS J., II., III. 

• • 

For reducing the specific gravities of liquids lighter than 
water to the normal temperature of i5'’-5 C,=Go" F. 

Nole ,—The scale of reduction is not the same for hiyh and low 
temperatures ; hence three ta'bles are given. When the observed tempera¬ 
ture is below the nornjjil, the figures in the table must be (kJucted from tbc 
observed specific gravity in order to reduce this to the normal temperature, 
and vice versa. * 


• • 

I. For Specific Gravities of 0'88o downwards. 
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* 11 , For Specific Gravities betweeii o-88oand^6-920. 
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III. For Specific Gravities between 0-920 and 0-960. 


Degrws C. 

li 

8 

4S 

6 

7 

Si 

10 


18 

14 

Ui 

Deduct . 

O-OIO 

C'Oog 

00 

0 

0 

6 

0*007 

0-006 

0.005 

0*004 

0*003 

0-002 

0 

6 . 

2 

0 

Degrees C 

17 

1$ 

19^ 

21 

*' 22J 

24 

25 

SCJ 

28 

29i 

Add. . 

0*001 

0*002 

0*003 

0 

0 

6 

0 

6 

0-006 

0-007 

0-008 

0*009 

o*ojo 


1 

ft Table IV. 

c ^ f 

i. , P'or comparing the degrees of Baume’s, Cartier’s, and Beck’s 

' Hydrometers with the corresponding Specific Gravities for 
' liquids lighter than water. 
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CENTIGRADE AND FAHRENHEIT DEGRtV 16§6 


lAliLE V. 

For comparing the degrees of the Centigrade and Fahrenheit 
Thermometers. 
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All the temperatures mentioned In this book *e fn •Centi¬ 
grade degrees, tftit can be convertSd into Ftihrgnheit degrees 
by means of above table 








A^DDENDA 

Comprising Patent SpecificUtions and other New Matter 
published since the last Revise of the Proofs. 

Page 13. The treatment of Coat to obtain Oits, Ammonia, and 
other Products, by subjecting^it^to the action of hydrogen or 
water-gas, at pressure! above 100 atmospheres and temperatures 
between 300° and 500°, is described in the P. P. 18232, of 1914, 
of F. Bergius. It is asserted that under these conditions the 
hydrogen reacts witli flie coal, forming valuable hydrocarbons 
of low melting-p»ints and ammonia, without producing uncon¬ 
densable gases. 

Page 31).. Production of Liquid Hydrocarbons from Coat .— ^ 
Jolicard (Fr. P. 475433) treats coal at 400° with, na.scent 
hydrogen, produced for example by^introducing a mixture of 
superheated steam afld air, or carbon, monoxide. Catalyzers 
may be emfjoycd in the shape of chlorine or hydrochloric acid, 
or of cepper, nkkcl, etc., depositid on the coal. 

Page 60. Tar-separators. —T 4 ieTinglish patent of the Berlin- 
Anhaltischc Masclynenbau-Aktien-GeseBschaft (“ Bamtig”) Jor 
the invention described in the German p^ftent 282276,is No.* 
16981, 19*14. 

Lelarge (B.*P. 10394, 1914) filters the gases thro'bgh'aTseries 
of iTietallic spirafs, coated with a viscous litjbid) the axes of 
those o‘f adjacent layejs being at r^hf angle*. • 

Tschudy (y.S. P. 1155387) em^oys a distributing-chamber, 
and above this a separating-chanibhr, ftlled with checker wonk. 
The diMribpting-chambef h^ aboVe. the infet pipe in its lower 
,part a curved baffle-pl^te, fixed verlfically in front, afid above, 
this a ^aphmgra with upwardly extended flanges, from which 
a tube dgseendj ^to a centf^ depression in the seal pot below. 

H. T. Smith (B. P. 11/4^ of 1914] rimoves taP,partid5s and 
lesT 
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other impurities from gas by passing the gas through a pervious 
medium, at sufficient velocity to cause, the particles to be 
precipitated on the medium by the static electricity generated 
(by the friction, ' 

The Soc. d’Exploitation des Appareils Rateau (B. P. 13930, 
of 1914) describes a centrifugal fan for separating dust, tar, 
etc., from gases, r , 

Page 61. Removing the Tar from Coal-gas or Producer-gas, 
by a High-Tension alternating Electric Current. —On this process, 
mentioned in the text, Hilgenstock {Wasser und 1915, p. 
233) makes some communications. The electric current ionises 
the neutral tar particles, which causes them to reunite into coarser 
droplets, so that the,v can be collected in a mechaliical tar- 
separator. The temperature has no influence on the ionising 
process. In this way the tar is so completely removed from 
the gas that naphthalene can be recovered from the gas-liquor in 
fine, white crystals. A further advantage is that, owing to the 
reduction of the surface of the tar particle;?, their absorbing 
action on benzene and toluene, (which increases with the 
falling of the temperature) is,lessened, and these hydrocarbons 
can therefore be more easily recovered from the gas [cf p. 64). 
The process has also fujly answered for removing the tar 
particles from producer-gas. 

Page 62. Production of Light Oils from Carbonaceous 
Rollason (B. P. 19697, of 1913), grinds' coals, 
cannels, and shales, containing a high proportion of oxygen, 
mixes them with 3 to j per cent, of ground limestone or other 
'suitable carbonate, and heats the mixture Uowly in retorts, to 
, about 500°. The carbon dioxide given off from the limestone 
tends lo'preVent the combination of oxygen and hydrogen, and 
favours the production of oils. The same (B. P. 18490,1914) 
produces light'oils of sp. gr. 0-90 to 098 from coal, cannel, coal 
shale, and crude oris, by adding 4 to 6 per cent, limestone to 
the material, the amount depending on the density of oil 
required. The mixture '»s distilled at 175° to 400I The 
furnace setting has a large heat capacity, so that the charge 
is heated during the period when water-vapour and'hydro¬ 
carbons are formed. The water-vapour prevents thq.d'ecom- 
' positipn of the hydrocarbons while in the retort. 

' I 1“ *■ ', 

4 ‘«. 
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Page 70. Recovery of Benzene from Illuminating-gas .— 
Herring (/. GasLightihg, 1915, p. 569) states the yields obtained 
with a revolving washer. The illuminating-value of the gas 
is considerably diminished fey the extraction of the benzene, ( 
but its heating-value is not greatly affected. 

According to Gas World (quoted in C/icm. Trade f, 1916, 
p. 166), the Italian Government have made reflations for the 
compulsory washing of all coal-gas, to extract benzol, soluol, 
and xylol for military and otKer purposes, leaving in the gas 
enough of those hydrocarbons so as not to reduce the heating- 
vaiue below 517 B.T.U. per cubic foot, or the lighting-value 
to less than two-thirds. 

Hirzel* (Ger. P. 290119) describes a« apparatus for the 
complete recovery of benzol *and its homologues and of 
naphthalene frpm coke-oven gases. 

Page 81. Recovery of Toluene from Coal-gas. —According to 
Clicm. Trade J. 1^15, vol. Ivii., p. 181, the Oldham Corporation 
are treating the whole of ,the town’s gas for toluenp, but- 
complaints were made of the goor quality of the gas now 
supplied to the customers, and it was found that the extraction 
of the toluene certainly robbed tfiegai^of some of its illuminating 
power. * 

Accordiiig to Rollason *(/ Bighiing,*i^\i„ cxxxi., p. 
696), the ^oluene content of the ^as can be raised by washing 
them, after cooling, with the t|r tnade during carbonization. 
This increase depends on the age of th^ coal used* its exygen 
content, and on ttjp temperature of carbonization. Secoifd-^ 
grade and Semi-coking co^s give off their hydrocarbons very 
quickly;.wheae high temperatures are employed,*tho hydro¬ 
carbons *are decomposed into raefiiane and hydrogen,*and 
the coke remaining behijid is soft a»d friable, .When adding 
limestone and then c&tfeonizing dj 8 temperature above 850°, 
the quality o*f the gas is improytef, ^he, quality both, of ggs 
and 0^ ammonia is incraasad, anS the sulphur content of the 
gas is reduced. With a coal carbonized at 1008“ to 1210°, thq 
toluene, recovered on dtrajhing with anthr^e^e oil rose from 
2-96 Ife. per*toft of dbal wltbput limestsne, tf 3’8 lb. with lime¬ 
stone. and the amount 0^ tdluene recorered fro« the tar rose* 
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from 0-14 lb. to 0 41 lb. At a lower temperature of carbonization 
the increase of toluene was even greater.' 

The recovery of toluene from illuminating-gas is discussed 
f by an “expert” in/. Gas Lighting',cxxxi., pp. 635 et seq. (1915). 



Page 87. Determination of Benzol in Gas. —Neubeck 
(/. Gasbeleucht.j 1915, Iviii., p. 616; /. Gas Lightings ^1915, 
cxxxii., p. 264) found the method 'of absorbing the benzol 
in washing-oil and distilling the resulting solution up to 120° 
unreliable. f-Ie passes a measured volume of gas, dried by 
calcium chloride, into a cooling-coil, having a small bottle 
containing paraffin oil et its lower end, and immersed in a 
freezing-mixture of solid carbon^ dioxide and ether contained 
in a Dewar vacuum vessel, wfereby a temperature of -78° is 
attained. The paraffin oil absorbs any benzene vapour given 
off during the manipulation. The increase in the weight of the 
appara,tus, including the paraffin oil, o.n being removed from 
the freezing-mixture and allowed to attain the normal tempera¬ 
ture, indicates the benzol contained in the volume of gas used; 
1 the be.izol can be afterwards tested by distillation. The results 
, obtained by this method from a known quantity'‘of benzol 
volatized into air, proved its rceuracy. 

Reineke (Ger. P. 285920) estimates the benzol in coal-gas 
by measuring the illuminating power of the gas by means of a 
photo-electric ceil, e.g. a selenium cell. 

Graul (U.S. P. 1163654) makes a continuous test (jf the gas 
as produced by removing tlier naphthalene from a sample by 
' treatment with picric acid, dividing the remaining gas into two 
'parts, removing the benzene from one of them, by absorption 
oil, and then burning the two parts, separately and comparing 
the illttOHnating value of the flames. ^ 

' r ’ 

Page 95. ^tatipics ov, Coke-ovensjitted with, Recuperation 
Plant.—In Great Britain, according to Bone (quoted in Chem. 
Jnd., 19J6, p! 50) thjf quantity of coal carbonized, in ovens 
I provided .with recuperative plants ■ ha.« been- 
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Th% quantity of coal carbonized in the old-style beehive 
ovens in 1913 was only*6-5 million ton* 

In Russia (according to Cheni. T^adc /., 1916, vol. Iviii,, 
p.'ioi) the number of coke-ovens fitted with recuperation plant 
in 1914 was 1208, and further 48C ovens were uitdcr con¬ 
struction. 

JPage 95. Statistics on the Recovery of Tar and Ammonia 
from Coke-ovens in the United States .—According to the 
Upited States Geological Survey (quoted from Chem. Trade J., 
1915, Ivii., p. 477), during the year 1914, 192 netf^-etort ovens 
were constructed in the United Stages, against 587 beehive 
ovens. The total number of fetort ovens in 1914 showed an 
increase of 121, that of beehive Svens a decrease of 3016. Of 
the former, 667, of the fatter, 44,^50, were idle during 1914. At 
the close of 1914, 644 new retort ovens and O05 beehive ovens 
were in course of con^ruction. The quantities of products 
obtained from by-oroduct ovens were 


Yfftr. • 
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-- ^ ^ 

Gas. M (ulm jet! 

Tar. 

Ammonia, sulphate, or reduced to equivalent 
of sulphate . . . • . . //'. 

Ammonia liquor. . . . ^ galL 

Anhydrous amifonia (mainly aninioniacal 
liquor sold on pound basis of NH.,) %. 

Other by^rodiKts ^aiijly ben7nl) . vuhte 
Coke. 

64.553.941 

.115,145,025 

• 

173,342,349 

47102,448 

** 

28,663,936 
•'54':4.579 
• 12,714,700 

61,364,375 

109,981,315 

170,763,906 

5,938,233 

25,370,509 

*997,00? 

11,219,943 

• 


According- to Lesher (quoted in Z.angew. Chem., iqyS, iif, 
p. i48)theteVas obtained in the United Stajes^in 1915 from 
by-product coke>-ovens: 13,942,763 gall, benzol and t)ther»light 
oils, and 761,256 IB. napflthalene. * • _. 

According io'Chem. Trade /., 19(6, p..i95f the UnitSd 
States Steel Corporation*was ^oin^ fo build. 1500 Jay-product 
coke-ovens, at a cost of 15 million doHars, naar l,’ittsburg, 4 ’a. . 
• • •* • * 

Pag/98. Recovering* Tat’ and Ammonia in CarJionidng 
Coal, rfc—AnotHer pateiit of Brunck’s is Gcf. P. 289519. 

Pa^ J 37 * (ttid Animonkt from Gases,-^ 

C. Otto & Co. (B. P. 1^:818/1314) cool ^rill wash tH^ gases jyith 





cold water sprayed in the direction opposite to that in which the 
t gases move. The cold ^water washes the tar out, and absorbs 

• ' more and more ammonia on its way downwards, until it arrives 

, at about the middle part of th& washer. In the lower part 
of this, owing to the action of the hot gases, the volatile 
ammonia is expelled again from the water, so that this finally 
issues from th/; washer‘charged only with fixed ampionia 
compounds. In the middle part of the apparatus there is a 
zone where the washing-water has the highest contents of 
ammonia possible under the circumstances. If water is con¬ 
tinuously withdrawn from this zone at such a rate that the 
quantity of ammonia removed in it per unit Of time is 
substantially the same as is introduced during that tjme by the 
crude gases entering the washqr, the process is made continuous. 
The water thus removed is separately removed from the tar 
and led directly to a still, to be worked up in 'xnown manner. 
The hot washing-water running awayfrom the bottom of the 
washer contains, beside the tar, the fixed ampionia compounds. 
After the tar has been separated, this' water is pumped to 
' a codling-tower, where such a quantity of it is evaporated 
' as corresponds to the qualitity of water precipitated in the 
process, so that there is no efiduent beyond the water running 
away from the still, lif order to avoid any loss of ammonia 
with the gases issuing at the top o*' the washer, these gases are 
passed through’ another washer fed with the same quantity of 
cold fresh water as k passed into the still. •The water'running 
over the cooling-tower becomes richer in fixed ammonia 
compCunds, and is ■'used over again, a portion of it being 
” always conducted" into the still with 'the water passing 
> thereinto'. 

4 « 1 

Page 138. By-product Coke-ovens.—kzcotdmg to Client. 
Trade /., 19'. 5, p. 325,'the La Belle Iron 'Works, Steuben¬ 
ville, Ohio, U.S.A., have started the‘erection oi 94 Koppers 
by-prcduct coke-ovens, witl^ a daily capacity of about 1000 tons 
' of blastfurnace coke. Ills Geriq'an patents are Nos* 254014, 
r 260317,'2;26 oi,''27955o, 

' ' Recent patents for by-product coke-ovens:—• 

Bishop, U.S. I‘. 1166175. 

Dr C. Ofto & Co., Ger. P. 287234. 

- » i p. • 

' ‘ ■ I r * 
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PagS 157. The recovery of bensene, toluene, etc., from coke- 
oven gas by the use of li|ht creosote oils js thoroughly discussed 
by an “expert” in J. Gas Lighting, cxx3ji.,.pp. 502-503 (1915). 

Heinrich Hirzel, G.m.b.H.*(Ger. P, 290119), treats the hot 
coke-oven gases, before passing them into the benzol-tvashers, 
into special washers, provided with cooling-arrangements, in 
which ^enzol and naphthalene are washed out at J;he same time. 

• 

Page 167. Reco%iery of By-products from Coke-ovens. —At 
the^ British Association Meeting in 1915 the president (W. A. 
Bone) said that it was in the public interest, iS^overnraent 
fixed a time,beyond which no coke-ovens were allowed to be 
worked without recovery of by-products, except by special 
permission ftf the Government, wWch should be accorded only 
in particular circumstances. * 

Accbrding to,the U.S. Geol. Survey (quoted in /. Soc. Chem. 
Ind., 1916, p. 299), the o^utput of benzol and other light^ oils 
from by-product coke-ovens in the United States in 1915 
amounted to 13,^42,263 gall., together with 761,256 lb. of 
naphthalene. 6,620,093 gall. 06 oils were refined at the plage of 
recovery, and yielded 4i833i939 benzol, 

1,315,727 gall, toluol, and 470,42^ gall, .solvent-naphtha.. This 
. took place in thirty-one establishment with 4,933 by-product 
coke-ovens, in which bStwecn eight and,nine million tons of 
coal were carBj)nized. * •• 

Retorts for the carhonkation d/citr/are described in Duckham’s 
B. P. 13935 > 19*14* They are i^a^ of steel or sheet-iron, 
considerably wider than deep, with verticaj sides, and thj top 
and bottom arched the same curvature. T^ey are arranger* 
alternately • with heating-flue^ in a vertical* column, .buflt of 
channel-iro;i bari which constitute the* sides of tiie sptost^^nd 
flues, ^nd of arched plate's held at thr^ edges b^ween the bars 
to constitute tha tops and bjsttoms of the retorts flues. * 
A description of thf modern carbfdzing systems in America 
is given (p fhd Trans^ Intern. Gas Clhigresp, 1^15 (quojfd in^ 
Abstr. Atjier. Chem. Soc., iSki6,ip. 38/). • 

Page 184. Recovery'of Toluene -in the manufacture •of 
CarburettU Wcfter-gas.—Sterne states in Journal of Industrial 
and Engiifpenngt Chemistry •(abstracted in nre Chem, Trade 
/., 1915. Ivii., p. 4io)r thaj* t,oluene t^aj be rec(J\jered •cai a 
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commercial scale in the manufacture of carburetted witter-gas. 
In the service pipes (?f the gas-works at Kingston, Ontario, 
where carburetted water-gas is made with anthracite coal in the 
generator and Pennsylvania crude petroleum in the carburettor, 
during a yery cold winter a pale amber liquid condensed, of 
sp. gr. 0740, of which 95 per cent, distilled below 120°, and 99 
per cent, below 130°. On careful fractionation this, liquid 
yielded 75'88 per cent, paraffins, i-Oz per cent, olefins, and 22-5 
per cent, aromatic compounds, consisting of about 12 per cent, 
benzene and 10 per cent, toluene. These might be separated, 
retaining the toluene and returning the benzene for illuminatiog 
and heating purposes, ' ■■ 

Page 184. Pwdiiciion erf 'benzene, Toluene, Xylenes, from 
Borneo Petroleum Oil. —According to the/. Gas Lighting{([wAtA 
from Chem. Trade ]., 1916, p. 2), Borneo oil h^s been for a long 
time utilized in Germany for the production of benzene, toluene, 
icylenes, etc, One works at Rotterdam treats several tons per 
day of Borneo distillate containing from I5 to 20 per cent, of 
aromatic hydrocarbons, and representing about i per cent, of 
the crude oil. The aromatic hydrocarbons thus obtained are 
not pure; the toluene always contains some 30 or 40 per cent, 
of paraffin hydrocarbons. 

Page 194. Benzoband Toluol, from Petroleum hy theRittman 
Process. —According to Chem. Trade ]., 1915, IvH., p. 503, the 
U.S. Department of the Interior has cancelled a contract with 
the jEtna Explosives Company of New York, whereby that 
comfAiny agreed to expend a sum of not Jess than ^^40,00x3 on 
the development of the Rittman process, shice such encouraging, 
i;esults had been obtained with tha^ process that the company felt. 
justified to erect plant for it on a commercially operative basis. 

Rittman hirfiself (/. Ind. Eng. Chem., ipfs, pp. 1014 et seq.) 
reports on the utilizatibn of arontatic hydfodarbons derived 
from “cracking”-petroleum. He concludes frpm his experi¬ 
ments'’ that these- hydrdqarbons may - be utilized for the 
preparation of nitro-pro'ducts wifhoflt being brought 4 o a high 
degree bf purity. The foreign substances not easily removably • 
are paraffins, and" these are» not affected by ,re&gents of 
sufficient vigour to transform the aromatics .quaiitit^tWely into, 
moqoinitro,products, ‘'TJiese compounds may be separated in a 
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high defgree of purity by a simple process of distillation. The 
mononitrotoluene prepaJed by the raejhod indicated may be 
readily converted into trinitrotoluene, w^ich, when washed with 
hot water, satisfies the ordinary commercial specification of 
a melting-point of ys". 

A paper on this subject, by Rittman and Egloff, is found in 
Met. i^d Chem. Eng., 1916, xiv., p. I5*(abstr. in,/. Soc. Chem. 
/«(/., .1916, p. 169); another paper, by Egloff and Twomey, in 
/. Phys. Chem. (abstr. in /. Soc. Ghem. hid., 1916, p. 296). 

*Page 194. Production of Motor-spirit. Benzol, ai^Toluolfrom 
Chide Petroleum or Petroleum By-product Oils .—A process for 
producing motor-spirit by “cracking"'heavy hydrocarbons is 
described in various patents oT W- A. Hall (B. I’s. 24491, of 
19131 437 and 2948, of 1914; Ft. P. 4673^1). It consists in 
cracking the h;^drocarbon oil at a temperature upward of 
6 ckd°, separating from the product of the operation by 
fractional condensation fhe gases and the liquids volatifc at 
about 200", and condensing such vapour and gases together 
under pressure. According tq the Scientific^ American of 1st 
May 1915, Jhe oil is fed at a rate exceeding 70 gallons per 
hour through tubes of a total length of 300 feet, at a pressure 
of 50 to 75 lb. The speed of the*vapours is over 5CX)0 fSet per 
minute. The oil is first vaporized in a coil, preheated in the flue 
by the waSteSieat of the prodiwts of combustion frojjj the furnace. 
The temperature in the centre of ^he tubular coil is about 5 50 ’. 
The vapouft thdti pass to a vertical jiipe about 12 in. wide and 
12 ft. high, entering through a conllned throttle and impinging 
upon a baffle, whereby the speed of the vapour flow is reHluced , 
to a nominal, rate. *The temperature rises.m that tube* not¬ 
withstanding the reduction of pressure.to atmospheric "pressure, 
and a largt amoun| of csacking takeskplace. The vapours pjss 
through jdephlegniators, and the uncondensed part’then passes 
to a mechanical compressor, woj'king^at 70!cx) lb. per square 
inch, and then under the same ‘pressftra through a cdbler, where 
they are‘condensed to motgr-spijit, tlfe ^nc8ndensable gas 
passing <n to a holder. A* pknt has been erected in England, 
with a capacity of 6ocx) gjllf of motor-spirit per day; it has b€en 
taken offer b^tte British Oovernraent, and i^in full operation. 
Chandfer«(/. Soc* Chem. (««f, 1915. describes some 

experiments he had niade pn JHall’s process. Themw galterial 
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was the “ gas-oil ” or “ petrolite ’’ of the Standard Oil Cdmpany, 
of sp. gr. o-8i at ii° (J., boiling-point'130°. From iS'p/iitres 
of this material he obtained on the first passage through the 
apparatus, I0'6 litres motor-spiiat, sp. gr. 077 at ii”, initial 
b- pt. 26"; 6 litres light residuum, 0'65 litre heavy residuum, 
46-5 cub. ft. fixed gas. The 6 litres light residuum was passed 
through the cojl again, avid yielded 27 litres motor-spirit,; total, 
13-3 litres, or 70-6 per cent, of the original oil. No experiments 
were made to ascertain the .percentage of benzol and toluol 
contained ip the products. The motor-spirit was tested om ah 
automobile engine, and it was found that one gallon of it did 
the work of m8 gall of gasoline at 1600 revolutions per 
minute; of 1-34 gall, at 14CX) revolutions, and of ;_’3i gall, at 
12CK) revolutions per minute. There ^Yas no noticeable differ¬ 
ence in the behaviour of the liquids either in ease of starting, 
or absence of black smoke, or soot deposit in the cylinders. 

Fage 228. The properties of benzol from coke-oven gas have 
been investigated by G. Taylor (/. Gas Lighting, 1915, cxxxii., 
p. 639; /. Soc. Chem. Ind., 1916, p. 166). 

Page 231. Differentiation of Coal-tar Benzene {Benzol) from 
petroletm Benzine. —According to Mix {Kolloid-Zeitsch., 1915, 
p. 7), a deep-red resin extracted from Sumatra dragon’s blood, 
called “ dracorubin,” may be used in the form of coloured test 
papers, for distinguishing benzol' from benzine, 'it“is inactive 
in the cold towards benzine, but gives a deep coloraUon with 
benzol. (This paper is abstracted in Z. ahgew. Chem., 1915, ii., 
p. 592; and /. Soc. Chem. Ind., 1916, p. 167.) 

' Page 243. The vapour-pressures of mphthalene in air and 
coal-gas havq been determined by J. S. G. Thomas (/. Gas 
"Lighting, zx\\\., p. 701 ; Soc. Chem. Ind., 191^, p. f66). 

Page 255 'Solubility of Naphthalene in Ammonia. —Accord¬ 
ing to HilpdVt ( 2 . angevn Qliem., 19I6, i, p. 57) naphthalene has 
the following solubilities fn pure water, and in such containing 
.ammbnia, up ta anhydrous, NH,:— ' 

PeroentugiolNHs 0 ^ 6 , 10* 25 100 

„ A* '0° • • 0’0’9 '0'030 0042 0'o 54 - 33 per cent. ^ 

„ 25” . . p-030 0-044 0 - 074 *' O'16* 1*0 “«« 

The pressureiiof pyridine incisises the sojubillty pf h’aphtha- 
lene ;■ that ,sf phenol''has no effect. The organic impurities 
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present in ordinary ammonia do not seem to alter the solubility 
of naphthalene, that of COj and H^S.decreases it. On dis¬ 
tilling ammonia containing naphthalety:, the escaping vapours 
contain all the more naphthalene the higher the temperature, 
which influences its separation in the conduits. Anyhow, it is 
advisable not to allow the temperature of the pipe-conduits to 
fall b,plow 30°, or else to interpose* a cooled^ space for the 
separation of the naphthafene. 

Page 275. Acidic Properties of Alkyl-substitutcd Phenols. 
—According to the investigations of Boyd and ^^le (/. Chem. 
Soc.,sq\. 105, p. 2117; vol. 107, p. 1538) the alkyl-substituted 
phenols (cresols, xylenols, etc.) are less acidic than phenol 
itself. Th« alkyl group is m^st• effective ^when in the ortho¬ 
position with respect* to the hydroxyl group, slightly less 
effective in the^ para-position, and much less effective in the 
meta-position. 

Page 344. The' fuel efficiency of tar is discussed by Moore 
in Chem, Trade /.,*i9i6, p. 235. 

Page 360. Coal-tar is employed for impregnating pap}r, in 
order to make it watertight and to increase its strength and 
pliability. A prescription for tWs purpose is;—Mix icto parts 
gas-tar, in the heated state, with 10 p*ts of mineral oil, add 10 
parts sodisB^carbonate, passrfhe unsized*paper through the hot 
bath, remov? the excess of the^liquid by pressing, and dry 
the prodhe* by hanging it up or by passinght over hot rollers. 

Page 360. Production of a Sinding-Matcrial for Costings, 
etc., from Coal-tar.— Soc. anon, des Combustibles Industrie's. 
(Fr. P. 47636c) heats the tarJ;o remove amnroniacal llgudl" and 
light oils,^ and .then to 120° to 250'’. in a fa^d .curjejft 6f 
an inert‘gas. T|>e distillate is frSed from .naphthalene* by 
decantation, apd, incorporated with ^he undistjlled residue. 
The heavy oil thus obtaiaed i^ thiol^ed by polymerization by 
means of a current of oxidizing ga5,*at a^temperStur^below 
250“. The product constjtujes a^f ejfc 511 eat fiinding-material 

for coarfngs used in the aietailurgical industry. 

• • * 

Page* 368.* Tarring Macadam Pavenfent. —Hobbs ■(B. Ps. 
18354 %nd i^3?S,,i9i4) deswibes drying, railing, and agitating 
machines for tarred macad&m. 
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Page 371. Treatment of Coal-tar,—D xv'ks^ and Windsor- 
Richards have obtained for their prcfcess, mentioned in the 
text, the Ger. Ps. 2746351 and 277602, 

« 

Page. 385. Removing Tar from Hot Distillation-Gases.— 

A further patent of the Berlin-A nhaltische Maschinenbau- 

Aktien-Gesellschaft is Ger. P. 284971. 

> $ 

Page 392. Dehydration of Tar.-l-E. V. Chambers (/. Gas 
Lighting, 1915, cxxxii,, p. 261) states that by means of a 
centrifugal machine it is possible to reduce the water-contenf of 
the tar to i per cent., and to reduce the free carbon; but neithfcr 
the volatile low-boiling hydrocarbons (benzene and "toluene) nor 
the tar acids are thereby retpovsd. The distillation process is 
free from these objections. The intermittent distillation process 
has several disadvantages from which the continuous process is 
free. Three qualities of “ prepared tar " arc specified by the 
Road'Board, and may be obtained by distilling the tar until the 
residue has the temperature specified, viz. :»for road spraying, 
230°; for tar macadam, 260°; for pitch grouting, 288". He gives 
a diagram of the Hird, Chambers & Hammond^ continuous 
dehydration plant, and quotes the results obtained therewith. 

Warded (/. Gas Lighling, 1915, p. 375 ; abstr. /. Soc. Chem. 
hid., 1915, p. 1238) describes the “Kird" continuous plant 
to deal with ^20 tons tar per day,, consisting of .T.- r\..etangular 
steel still, fitted with longitudinal steel tubes and baffle-plates. 
The dehydration is complete when working at i6o“. 

Ammann (Fr. P. 475665) removes the ammoniacal liquor 
from coal-tar by spraying it into the upper part of a tall 
cylinder, wherein it meets an ascending cuVrent of hot air. 

Page 393. Purification of Coal-tar by treating it with 
Atmospheric. Oxygen at a temperature ^ 120'’.—The Bayerische 
Hartstein-Industrie Aklien-Gesellschaft at Wurzburg (Ger. P. 
287236) divide the tar into, thin jets and pass these through a 
spacedn which )iot airpeends. The division of the tar may be 
effected'by two or diore ccnccntricklly arranged drums, which are 
perforated by many fine holes and revolve very quickly. By this 
process the ammoniacal liquor is contpletely evaporated and any 
oils contained in the tar are infinitely mixed,,ytitii the pitch. 

'■ Vhis name li ir the text lyrongly spelt “ Davis.” 
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page 396. Preliminary Treatment of Raw Tar previous to its 
Distillation.—Iht Rulgerswerke Aktjen-Gesellschaft (Ger. P. 
’287962) remove the ammonium salts fjorn coal-tar by heating it 
with aqueous liquids before the distillation. As such liquids they : 
employ solutions of alkalis, alkaline earths or bicarbohates, with 
which the tar is thoroughly mixed and heated up to 90° to 100°, 
wheiyby the ammonium salts are tiecomposjd; the solution 
formed is separated frofti the tar before its distillation. The 
vapours of ammonia and light .oils formed during the heating 
are condensed in the usual way. 

Page 408. 7 'rt:r-j* 7 A.—Crossley and Brighten (H. P. 19392, 
of 1914) employ a still with its neck lagged with asbestos, and 
with a constricted opening contrelled by a^alve whose (josition 
can be adjusted and Indicated. • A low-pressure safety-valve is 
also provided. 

Page 409. In order to avoid the trouble caused <in the 
distillation of tai^ containing water by frothing over, Hoddick 

and Rothe (Ger. P. 287961) employ a specially shaped still. 

• 

Page 409. Special descriptitns of Tfry-j/f/A.—Krickhuhn, 
(Ger. P. 288702) combines twq stills in such a way that the 
second still is placed beside the first,'jnd is heated by the waste 
fire-gas es of the latter; through the Icwer part passes a pipe 
through^wfiijh flows the disfillation residue (f^h) of the first 
still. 

Page 458. Kubicrschky’s vAsfiing and distillipg columns, 
described in the tej:t, are described in dfftail, and veryTavogr-^ 
ably reported upoif by Borrmann in Z. Sngew. Cheni*, 1915, 
xxviii., pp. 377-388 (ab.str.'in J.Soc.^Chem. inti., 19*5j ^xiv., 
p. 1232)..' 

Page 468. Distillatiojt of Tar uitder H^cui^u. —Neumann 
(B. P. 20353, 1914) describes a veteiver for use in vacuum 
distillatijn^by means of which portidhs 0^ the^ distillate can be 
discharged at short intenjals* 

Page 494. • Wilton's Continuous 5 A 7 /.-rLivesey ’ (/f • 
Lighting, i 9 i!;PP- 473 it\seq.; abstr./. Chem. 7 «rf., 1915, 
p. 123%) (j,escrib«%the workirf^of this still) esp«S:ially the treatment 
of tar for toluol extraction. . 
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Page 535. Machinery for grinding and loading hard pitch 
is described by Hill in ^er. P. 286243'B. P. 13546,1915; for 
the production of hard pitch grains, by the Barrett Manufacturing 
Co. in Ger. P. 286549. 

Page 539. Robert and Irinyi (Ger. P. 290798) employ 
pitch-dust for firing purposes. 

Page 547. Manufacture of Briquettes by means of Coal-tar 
Pitch converted into Dust. —FoHr and Kleinschmidt (Ger. Ps. 
263158,284789, 289069) describe an apparatus and process for 
the preparation of patent fuel by means of coal-tar pitch oV 
asphalt Their processes described in detail by Dach in 
Gliickauf 1915, No.^ I2. The pftch, without being‘previously 
broken up, is heated first by a steam-coif to 100°, and then by 
direct fire to 160° to 170°, so as to be in a ^perfectly liquid 
state. In this state it is run into a steam-heated dust-producer, 
where it is converted into dust by means of high-pressure air, 
heated by steam, and blown into a horizontal* slightly inclined, 

■ mixipg-drum, in which it solidifies, while still suspended in the 
air, forming an extremely fine, soot-like dust. In .that slowly 
revolving mixing-drum, which contains lifting plates, the 
coal-dust and the pitch-dusf are intimately mixed; the 
mixture is thoroughly kneaded by well-known machinery whilst 
being treated-by superheated steam, and at laet^'gSts at a 
temperature of 55° to 80° into the presses. This process, as 
shown by practical' trials at the Engelibuig pit of the 
Bochumer Verein, has several advantages over the old process 
of manufacturing patent fuel. To begin with, it does away with 
the necessity of grinding the pitch, an operation leading to 
frequ^_tvt rgjaifs of the .mills and to great molestation and 
injury to the health of the men. Secondly, it admits of the 
application df soft pitch, whilst the old process requires‘hard 
pitch; soft pitch is as a tipding-ageqf ruperior to hard pitch. 
Where the latter cannot !x:/avoided, on account of the awkward 
circumstances coni?,ected,wnth thq, trMspbrtation of soft pitch, 
the har^ pitch admits of adding sqme tar. Third'ly, and 
principally, the new process causes ‘a tJiorougHly uniform ando 
intimate mixture, of fhe coal-dust* with, the .pifch-cfust At 
Engelsburg, where for ,the old process 5-61 to 5-68' per cent 
pitOT are required, the new process .can be carried out with 
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4'3 per cent, pitch. To deduct from this economy in the matter 
of pitch is the cost of t!ie steam in the iiew process; but this is 
only a fraction of the saving in pitch, |ind the cost of labour is 
the same in both cases. Fohr and Kleinschmidt have obtained 
for this process further patents, viz., in Italy, No.’ 137514; 
France, 461281; Belgium, 259176; Portugal, 8900; Spain, 
56142; U.S.A., 1123719; Sweden, 3^463; Austria, 69238 and 
70372; Hungary, 638i(J. In March 1916, applications for 

patents were pending in England, Russia, and Norway. 

• 

Page 547.— 7 /«r briquette and tar-distilling 'plant at the 
Niirnberg gas-works is described by Terhaerst (/. Gasbeleucht., 
Iviii., 300; Amer. Abstr., I9i5^p. 2089^ 

DiamAit-Brikettwerke, Berlitf, Ger. Ps.^80554, 287372. 

Page 549. Refined tar and its use for macadam roads 
are discussed ty Sharpies in Alct. Cltem. Eng., xiii., p. 918 

(•915). 

Page 555. Distinguishing Natural and Artificial Asphalts .— 
Marcusson {Mitt. k. Matnialpriif, 1914, xxxii., p. 419-432; 
/. Soc. Cltem. Ind,, 1914, p. 739; 1915, p. 1235) describes 
the determination of natural asphalt in admixture with*coal-tar 
asphalt, by means of strong sulphuric* acid, which converts the 
coal-tar^lghalt into water-soluble sulphonic acids, and by other 
means. 

Page ?62. *Ust of Asphalt for^Coatiig Semmler 

(Ger. P. 289176) prevents the disfntegration of slabs.and^stones, 
obtained by casting liquid scoria into moulds, by providiag, 
them with a> coating of asphalt or tar brfore cooling? The 
impregnation ijiay be made in a vacuum of ilndpr jjrqiSsui>e. 
The imp’regnate 4 smodth stones rifay be reydered rouglk by 
sprinkling them, with sand. The crating ^ay^*be producied 
either by dipping the stoues iqto tl»5*impregnating mass, or by 
squirting^or^ pasnting. ^ 

Pag(f563. Utilisation o^itcli.—'^. Glover (/. Gas Light., 
,1916, p. 249; ft Soc. Ct^em. Ind., igf 6 , p. 299) has found* tha^ 
the cafBonization of coak,with addition's! 5 per cent, of 
disintegi^ed pftcii gives gotjid results fioth ?n gas-retorts and , 
coke-ovens. Every fon qf pitch yiejdl 10,666 dUb. fj. gas 
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and I2'i4 cwt. coke. Some trouble was experienced*when 
working with lo per cfnt. of pitch, and with 15 pgr cent of 
pitch the pipes were blpcked. 

Page 572. Carbon powder 'is obtained from pitch by 
Evans and Mitchell Ps. 24313, of 1914, and 8901,of 1915) by 
shaking the pitch with a weak solution of caystic alkali in a 
closed vessel at about 100°, and _ then with naphtha at 
about 100°. 

Page 660. Zyw/,—According to Chem. Ind., 1916, p. 
William Pears(\n, the manufacturer of “Creoline” (p. 658) haj 
made use of the state of war for having the patent 3 *’*^ 
mark for lysol transferre (5 to himplf. 

Page C88. Pilkling Timber.— (U.S. P. 1151204) 
describes the impregnation of wood, treating it first in a 
vacuum, then covering with a thin layer of tHe impregnating 
liquid', forcing this into the wood by increasing the air-pressure, 
and removing the excess of liquid by suction, 

•Page 725. Manufacture of Carbolic Oil —Raschig (Z 
Chem., 1915, i., pp. 409 et seq.) makes a very important com¬ 
munication on this subject, founded on his own practical 
experience. He states that be'fore the war most of the carbolic 
acid required for German consumption^ was manufactured by 
working up etpde carbolic acid, imported from Gs'daf'Britain. 
This came about by the fact that the British coal-tars are very 
rich in carbolic acid, and that they were 'produced 'in much 
larger quantities than in dermany, owing to the much greater 
, extension of the cdal-gas industry. About the end of the 
last century Germany produced hardly ohe-third. of the coal- 
tar produced m Great Britain, and, moreover, containing much 
les^. carbolic acid. 

, This statfc'of’matters^has been changed by the extension of 
the by-product cofce-ovenc., ^ Owing {9 this, Germany nowadays 
produces af-least as much doal-tar as Great Britain. The coke- 
dven tars certafhly,are'rather poof in cai'oolic acid,‘'but already 
before the breaking out of the^war,. about one-thir^h of the 
*^JefIhan tars was worked for carbolic acid. 'Since the com* 
mencement of thq'war^ the importarion of Briti^C:rude*carbolic 
acid has ceased, *whil^ more cafcbqlic acid fand crasols) have 
been required for disinfeoting purposes and for the manufacture 
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of explosives. The state of matters will be even worse after 
the conclusion of peace, for there is even a greater* scarcity of 
phenols in the neutral countries, both Germany and England 
having forbidden the exportation of phenols. Thus, e.g., the 
price of carbolic acid in the United States is twenty times 
higher now than just before the war. * 

4 is, therefore, a duty of the Gerifian manufacturers to work 
at the complete extractidh of the carbolic acid existing in the 
German tars. To begin with, Vhe arrangement.s must be made 
fbr producing a tar-oil fraction rich in carbolic acid. Such a 
fraction is the so-called “ carbolic oil,” which distils between 170° 
and 200°, Snd contains from 25 to 35 per cent, substances .soluble 
in alkali. , A number of facto«es,already extract the phenols by 
treating the oils witb caustic ^oda, but this process is only 
profitable at larger works; for it involves recovering the caustic- 
soda solution l?y decomposing the sodium carbolate by carbon 
dioxide, and recausticizfhg the sodium carbonate by means of 
lime; and this pg*?s only in a permanent style of working, such 
as is not feasible fof a tar-works of medium size, say^ those, 
distilling less than 100,000 tons tar per annum. It will therefore ' 
be best to leave the recovery of the phenols to special factories* 
which get from the tar-distillers*the /raction of Oils disfilling at 
about 170° to 250“, of *p. gr. i to 1-62. These are allowed to 
cool do«>iMn,large boxes, wl^reupon na^)hthalene, about 20 per 
cent, of the Weight of the oil, cjystallizes out, about the same 
quantity Jemakiing dissolved in the liquid oil. This contains 
about 25 per cent, phenol and it^hcJmologues, but the latter are 
prevailing, and it i« therefore necessary to distil it onfe m<jre 
before the alkaline tftatment. This distillation is best cariied out 
by means of a fractionating-column,,and at •reduced prassure,' 
using indirect "steam af 6 to 8 atmospheres pressure." The 
distfllr^es are collected either in receivers Ifept’also unefer a 
vacuum, or, preTerably, iTi open .vessels pfaceef about 40 ft. 
below the copier, which permits ‘of. taking samples at any 
moment* The distHling-cojumns,.*must have* a jonSiderable 
helght,dtnd be filled withdepljlegmating-sieves or bells.' Raschig 
I uses columns 48 ft hig^h, •filled witlf a spegal kind of sheets 
iron riiT|s, d^^bribedjn his>,German patent*286122, and sold by 
the nam% of “ Reschig’s rhjgs.” The coliftnns must be well, 
insulated against loSs of, h?at, in 'otdlr to pre^ant jn'vndue 
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condensation on the outside walls. Owing to the vacuums, the 
temperature of distillation is about 120°.' At first an oil comes 
Over, completely free from phenols, which after being purified 
by a little concentrated sulphuric acid is identical with Comi- 
mercial Solvent Naphtha, No. II. (p. 920), and is sold as such. 
When the test of the distillate shows that caustic-soda liquor 
absorbs a few pgr cent, of it, the receiver is changed, anijj the 
oil is now collected as “ carbolic oil,” With 30 to 40 per cent, of 
phenols. When the percentage of these in the distillate has 
gone down to 20 to 25 per cent., the distillate separates naphtha¬ 
lene on cooling down to 15'; the distillation is now stopped 
and the still residue run into a cooler, where naphthalene 
crystallizes out, and the oil is ^or!:ed up in the usual jvay. 

Raschig indicates' the following dimensions of the apparatus. 
A still containing 175 to 280 cub. ft. requires a column of 2 ft. 
inside diameter. The steam-heating apparatus Vithin the still, 
for a 'steam-pressure of 6 to 8 atmospheres, should have a 
heating-surface of 85 to 108 superficial ft., 0( less with higher 
. pressures. The cooling-worm should have a diameter of 4 ins. 

' at the bottom, reduced to 2 ins. half-way up. If made of sheet- 
t iron, it must possess a cooling-surface of 43 to 53 sq. k; if made 
of copper, half of this is .sufficient. The amount of cooling- 
water for each operation' is about 700 nub. ft. The cooling- 
surface of thejephleginator should be 43 supergcMd-feet for 
columns of a height of 40 ft. for columns of half the height, 
twice the dephlegmating surface must be allowed “ * 

Attention must be paid 'lO the perfect tightness of the 
rqnnin^-off pipes; the slightest air-bubbles,getting into these 
are magnified by '{he vacuum to such ati extent that they 
' interfere with the £oui;se of the work. Otherwise the distillation 
is carried on quite smoothly, at 80° to iqo° below the Work done 
at ordinary pressures, without the decompositions occufting 
already at 2O0”. 'Whoevfr has made himself familiar with 
working at a vacuum will never return to the pld style. 

' This'apparatus alsci affojds an opportunity of working up 
the “light oil” passing over in^th'e distillation of "isoal-tar 
. letween 'yo" and, 160°. fn the usual^style of work this oil,, 
which contains about'io per cent, phenols, is treated witlfeaustic- 
.soda liquor, and''the sodium carbolate is, decomposed by 
sulpituric acid, or run iiw.ay to waste. This is unnecessary i( 
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a vacuum-column is provided, in which the “light oil" is first 
distilled at the ordinary pressure ujj to the poinf where the 
benzol and toluol have passed over, yid only later on with a 
vacuum; thus the phenols ef the light oil, which up to the 
present are mostly lost, are also recovered, and in‘the same 
way they can be extracted from the crflde benzol obtained 
from, coke-works. • ^ 

In the same ZdtschHft f. ang. Chem., p. 468, the Deutsche 
Teerprodukten-Vereinigung states that Raschig’s paper does 
dot contain anything hitherto unknown to practicians in that 
domain; to this Raschig replies that the result* quoted by him 
have beenf only recently obtained ly the application of long 
fractionaijng-columns, filled • with Raschig’s patented rings 

(P. 1633)- 

Page 765. Synthetical Production of Carbolic Acid .—In 
/. Ind. Eng. them., 1916, p. 172, it is stated that synthetic 
carbolic acid had. beefl manufactured by \he Semet-Solvay 
Company at Syracuse from benzol in 1900 and the following 
years, in quantities up to 2joo lbs. daily, for conversion into* 
picric acicj. Ibid., 1915, p. 686^Ney discusses the synthesis* 
of phenol. 

Page 786. A Committee of the American Wood Preservers’ 
Association has issuefl rules for the jquality of creosote for 
impregnatin|; wood pavemSnt (quoted in 21 , -angew. Chem., 
1916, iii.,j). 234). ^ 

Page 823. Carbolic Acid According to Stone 

{Oil, Paint, and Drug Reporter, Ixxxviii., No. 16, 19154 Chem. 
Ind., 1915,9- 336)*from 8 to 10 million pounds carboHc afi<t 
are consumed in the United States per annunj, mostly for the • 
manufacture ofi picric aoid as an explbsive. Onfy the factory*of 
Thomas A. Edison, which has a daily producWon.of i2,oo« lbs. 
carbolic acid, does not wcg-k for purposes of warfare. 

Page 830.. Purification ofCruie filaphthalene.-fVoR Gesell- 
schaft flit Teerverwertung, Duisbqr|[ (Ger.*P. 189945), 4 ieat 
pressed crude naphthalehe Jo 2 Cfo° ^in a wrought^irdn retort, 

, provided with'an empfy •top-column, a coojpr and i reteivar. 
Into thfe heated mass*air is pumped fdr«ten hours; the 10 
to I5*p^ cen!,pf the naphthalene clrrie^ away by the air 
are used up with the next operatioi^ *The portjpn remaining 
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after the air treatment on distillation furnishes pure,'white 
naphthalerie. ' 

Page 843. Estimatlun of Naphthalene by Picric Acid .— 
' Eyndhoven (/. Gasbeleucht., 1916, p. 107) recommends for the 
estimation of naphthalene by picric acid the method of Rutten 
(ibid, 1909, p. 694; cf. sifpra, p. 843), as modified by Bunte 
(ibid, 1912, p. f26o), viz., absorption {>y a standard solutibn of 
picric acid, to which a solution of potassium iodide and iodate 
has been added, and titrating the liberated iodine by meatus 
of sodium thiosulphate and starch solution. 

Hilpert (Z. attgm. Chem., 1916, i., p. 58) shovys that an 
addition of ether in testing naphthalene by picric acid is 
advantageous. He proceeds as'followsThe crude na'phthalene 
(up to 0'2 g.) is dissolved in 30'c.c. ether and added to 50 c.c. of 
a titrated, about ^V-normal picric-acid solutioij, in a 200 c.c. 
flask, closed by a cork, perforated by a glass tube with a curved 
capillary inside end. After shaking for two minutes, the ether 
is sucked off by a vacuum, until the liquid bas cooled down; 
j'the liquid is warmed up to 30°, and again treated with a vacuum 
until the ether is quite evaporated. The liquid is allowed to 
' stand for two hours at ordinary ^temperatures, or ten minutes in 
ice; the precipitated picr^le is filtered off, washed with 5 c.c. 
ice-water, and titrated _^with decinormar caustic-soda solution, 
litmus serving w indicator. The kuthor subjoins |h!s observa¬ 
tions on the behaviour of naphthalene picrate. 

p p t • 

Page 852. Applicatienib t>f Naphthalene.~Yn.xa Fischer 
(Ber., iyi6, p. 252) studied the action of aluijiinium chloride on 
‘naphthcilene. Thi.s*^ction had been already studied by Friedel 
an^ Crafts in.-1885 {Comptes rend., C., p.. 692), by Homer 
(Soc., kcl, p'. 1103) and Sc^.oll (Ber., 1910, p. i202),'but they 
employed very.laVge quantities of aluminium chloride (frorii 25 
to 400 per cent of the naphthalene); ‘whijist Fischer shows that 
on heating emder'pressure'dn ah aufoclave to ,280° to 330'’ 
already 4 per cent. aHiminiivp chloride suffice for coflvSrtitig 40 
per cent.'of* the naphthalene' intoi,a inixture of liquid*hydro- 
oQrboBS, part of it pombiniflg with hydrogen takefti from another 
part of the naphthalene. The oils obtained coifld be burned, 
^but required a stronger supply of aigthan Rushan petipleum to 
preveptrthe formation of*s(}ot, 
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Page 852. Statistics for Naphthalene, —According to Stone 
[Joe. dt.), before the great European Wjir the yearly‘production 
of naphthalene in the United Stages has been about 2| 
million pounds, but has now risen to 7 million pounds. The 

normal consumption of it is about 9 million pounds pdr annum. 

• 

Page 893. UtilirMtion of Acid-tur frotn the purification of 
Benfibl. —The “Pheenix”, Aktien-GeselLschaft fCr Bergbau and 
Hiittenbetrieb at Gelsenkirchen (Ger. Ps. 289162 and 289524) 
rpix the waste acid from the purification of benzol with tar-oils, 
washing oils, or coal-tar, add to this ainmoniacaj liquor in which 
part of tl),e ammonia is combined with hydrogen chloride, 
and blow steam through tins mixture, whereby benzol, its 
homologu%s, and hydrogen chldfide are^driven out and can 
be recovered, ammonia remaining behind as ammonium sulphate. 

Page 942. ^Synthetical Toluene. —Sifton and Harding Bros. 
(B. Ps. 8886 and 9437, f9i5) prepare toluenfi by the actfion of 
methylic chloride on benzene, in the presence of aluminium 
chloride and iron turhings as ^catalyzers, at a temperature of 50“. 

Page 9fo. The Analysis of Qmmercial Benzols is made by 
Spielmann and Wheeler {Chem. News, cxiii., p. 131) by j simple 
distillation and determination of speeific gravities. 

Pagse 971. Determination^of toluene by fractional distillation. 
This is discussed in detail by H. W. James, in f.Soc. Chem. Ind., 
1916, pf.g:$6else^. 

Page 1027. Use of Benzol h lieu of Gasoline for driving 
Motor-cUrs.~hcco'edi\Xi% to Stone {loc. cit), up to 1915,‘benzol, 
had not beeg used ifl America for this purpose in the wtfy it is 
largely done in Europe, but^t would pow»pay*t( 3 *do so, since its 
efficiency’for that purpose is 25 percent, above that of gasojine, 
whiiSi ,up to now is exclusively used for that ptirpose in Jhe 
United States. * , * * * 

V * • ^ * 

Page,iq30.‘ Statistics of BenzoL—Accpxdm^ to Stpne {loc. 
cit.), th^production of beuzoi in tUfi (United States' before the 
war of’1914, etc., has bean offly 3 milljon gallons per aiinug\,bijt 
has now.increjsed to al»ut 15 million galloij^ 

» • * * • * 

Page,1055.., Nitrogen.^Tht Farbwerke, 

vorm. Meister, Luciifs, anJ Briining *t «6chst (G«r. P^ 28^751) 
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burn a mixture of ammonia gas and air, containing from’io to 
14I volurab per cent. o( NHg, in the p'resence of appropriate 
contact substances, whereby, besides nitrogen oxides and water, 
free nitrogen is formed, which can foe isolated by taking out the 
nitrogen oxides and water. Their Ger. P. 289562 provides for 
adding to the mixtufe of ammonia and air some nitrogen, which. 
prevents an injurious risef of temperature. According to^their 
Ger. P. 289563, part of the air is replatfed by oxygen. 

Page 1059. Processes for the Isolation of Nitrogen from 
A tmospheric A ir :— ^ 

Barschall, Ger. A 259877. Wallace and Wassmer, U.S. P. 

Industrie - Gesellschaft ' fiir 1154145. 

Sauerstoff- und Sitickstoff- •’ 'Hausmann, Fr. P. 4f/4379. 
Anlagen, Fr. P. 446569. » Farbwerke Hochst, B.Ps, 3362, 

Morrison, Fr. P. 452824. 1913; 9974,, 1914; Ger. P. 

Zeiss, Ger. P. 239575. 286751; Fr. P. 453485. 

Nitrogen Co., Ossining, U.S. Runge, B.' Ps. 3420, 1914; 
P. 999CX)3; Ger. Ps. 258295 Fr. P..46$793. 
and,26o804 lender, Ger. P. 280966. 

Blagborn, U.S. P. 1036788. ^ Siemens and Halshe, Aktien- 
Kassnei;, Chew. Zeit, 1912, Gesellschaft,Ger.P.286514. 
p. 1187; 1913, pp. uoi, Berlin-Anhaltische Maschin- 
1210. , enbsfu-Aktien-Gesejlschaft, 

Doherty, U.S. R 1049812. *■ B. P. 28390, i^i3T 

Aumont and Ville d’Arvay, «■ Place, U.S. Ps. ^ j 152044, 
Fr. P.451307. ' , ^ 1152119,* 1152120. 

Acker„U.S..P. 1050902. Winand, U.S. P. 1059^84. 

.Skoon, Fr. P. 4666§5.‘ Wiley, U^S. P. 1056244. 

Mewei, Fi;. P. 4^6027. Knowles Oxygen Co., Chem. 

Ghent. "Zeit. Ref., 1913. P- 703 .. 

1913, p. 476; ipi4, p. 28/.' Strutt^ See., Sep A., 

Ka/jsch, il>id.'l9H, p. 494 ipj 5 . P- 303 - 

Brunt, /. Amer. Chem. SKcf, .Nitrogen-Gesellschaft, Fr. P. 

} 9 n , P - 1448-^ '. , * ‘ • • 

Page'idbo. Pfiparatkn \)f H^rtgen.—Y\s.'c^tx pa 4 fnts of 
lire Badische Anilin- und Sodafabnki-^- 
B. Ps. 26700, I9i«! 16494, Ger,PL68929,3e^4i7e;f85703, 

1914. ’ U. 4 Ps. n33plf7an411^7669 

‘Fr. Ps. 43 p 265 ,‘ 453077 , 4 < 53 li 4 - . (feoschfand Mittasch). 
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Page io6i. Production of Ammonia from the Elements by 
means of Catalysers.-^ht Centralstelle fiir wissertschaftlich- 
technische Untersuchungen (Ger. P. 288496) employs as 
substratum for the catalyzers ten to'twenty times their quantity 
of magnesia, magnesium oxide, or chromic oxide. 

Page 1061. Preparation of Hydrogen. —Further patents of 
Messftrschmidt 

Ger. Ps. 258053, 263390,263391^267594,266863,268062,268339. 

Page 1064. Preparation of Hydrogen. —Further patents:— 

Berlin-Anl^ltische Maschin- Le Morvan, '^x. P. 466309. 
enbau-Aktien-Gesellschaft, ^ General Reduction and By- 
B. P. ^8390, 1913: with • Produ(its Co., Ger. P. 
Dieffenbach and Molden- • 263025. 

hauer, Fr. P.»4i4044; Ger. Schaefer, Ger. P. 289208, 
Ps. 267944, 270704, appl. B. 290529; }B. P. 16140,1914; 
69856. • U.S. Ps. 1152196,11^2197; 

Dicke, Ger. P. 28d^4, Fr. P. 461480. 

Ellis, U.S. P. 1092903,* Hlawaty, Ger. Ps. 275343, 
1087937.* . 275663, 277504; Fr. P. 

Lilienfeld, Ger. P. 276657. , 453207. , 

Knowles, Swiss P. 67250. Ephfaim, Ger. P. 276718. 

Maschioenfabrik Fiirth’ Fr. P. Pier, y.S. P. 1090874. 

462394. * * Farbenfabrikan vorm. Bayer, 

Benker,Jij. P. 461981. . Fr. P. 460859. 

Burdett, U.S. P. 10^6804. .Dingier’! Maschinenfabrik, 

Levin, y.S. P. 1094728. Ger. P. 276953.. . 

Mittasch and ^hneider, Rothe, U.§. P. 1083703. 

U.S. P. 1128804. , Jul. Pint&h, ^ Aktipn-Gesell-, 

Bergius _and Aktien-Gesell- ^sehaff, B. t. 28904,419^3’ * 

schaft vorm. Moritz,'Milch Dempster, P._i6893,1914. 

& Cb., Ger. P. C59030. , Kewener, Ger. J". 290126. . 
Frank, Caro and Linde, Ger. HJoher amj Noding, Ger, P. 
P. 261734 ; *Fr. P. ,453187; * <290657. 

Swis^P. 56594. . • 

Page 1064. • Carriage of Liquefied Hydrogpn. —Accbrdmg to 
Chem. •Zeit.,iyil, pp. 647, and 757, liquid hydrogen is trans¬ 
ported qp irarWiay trucks»,.in steel cyl>‘^*^'^s 0‘436 metre 
diameter and 3-55 metres long, tested for a p»9ssure-of 225 
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atn)ospheres, and practically exposed to a pressure df 150 
atmospheres; they hold, the equivalent bf 2000 cub. metres of 
gaseous hydrogen. , 

Page 1087. Synthesis of AmSnonia by Further 

patents of the Centralstelle fur Wissenschaftlich-technische 
Untersuchungen are:— 

For the application of ruthenium: Swiss P. 62345. Q'heir 
Italian P. 140507 describes special vessels for this purpose. 

Their Ger. P. 288496 describes chromic oxide as a contact- 
carrier; Ger. P. 289105 magnesium ojfide or carbonate for tile 
same purpose. ' Their Ger. Ps. 287958 and 288666 prescribe 
carrying out the process in vessels made of or coated with 
silver; Ger. P. 2868„53 a spesially constructed ve.ss(i. 

Page 1088. Synthesis of Ammonia .—Hlawaty has made for 
his process, mentioned in the text, the Austria:* patent applica¬ 
tion ^4020—11. . , 

Page 1094. Synthesis of Ammonia, — flassen’s" German 
^ patent for the process mentioned in the text is No. 289795. 

* . • 

Page 1096. Preparation Boron Nitride .— ^ 

Weintraub(Jl P. 12377, 1913; U.S. Ps. 1135232,1157271). 

Thomson-Houston Compariy (B. P. 14468,1913). 

Jevons [Roy. Soc. Prol., 1914, xcirt., p« 120). 

* « 

Page 1109. 'Synthesis of Amihonia by means <ff Aluminium 
Nitride. — Further patents Serpek and of the,Soci6t6 
G6ndrale des Nitrures are,-—^ 

B. Ps. 1127, of 191,4; 11271,1915. 

U.§. P. 106064Q. 

Ger. Ps. 23^909,'246419, 266862, 

Fr.'Fs. 448924.462464' 463390,47S£!p8, 476 m i, 474820. 

According tcWaser (Chm. Zeit., 1915, p.915) that Soci6t6 
alrtady in 19.12 possessed 283 patents, and* further 87 had 
been appliqfl for; but tfit;* ecptiomicar results had not yet 
been entirely sgfisfactqry at the close of tlje year'i9t5, 

. In Proc.'Amer. hist. EiechEng^xxxiv., p. 2656 (i9i{^, there 
if( the report of a discussion on the gtitpek process, in which it 
is stated that ol.Mie 250,000 h.g. Svailable,at Riukanfos' 
(Norway), only 3540 h.F. = 1-4 perff'nt. is dctual^^tilizeel. 

Pfge, IIM; The ^tepa,ta.tion ot Jeryilium nitride is de- 



ADDENlM 


1611 


scribecl by Fichter and Brunner in Z. anorg. Chem., xciii., jx 84 
{Ckem. Zentr., 1915, ii.’i28i). 

Page 1125. Investigations on tht behaviour of Calcium 
Cyanamide have been madt? by Morrell and Burgen (/. Chem. 
Soc., 1914, p. 576), and Werner {ibid., 1915, p. 715). ' 

1136. Ammonia from Cyanamide. — An extensive 
pape» by Landis (/. Ind. Eng. Chem., 1916,»pp. 156 ct seq.) 
describes in detail that process in general, and the contributions 
to it by himself in particular. (On 1138 his American 
jjatent 1149633 is erroneously mentioned as No. 1149653.) 

Gui (U.S. P. 1164087) allows nitrogen to^act on calcium 
carbide while mixed with a much larger amount of red-hot 
calcium cyanamide, which p?ev*nts forn^ation of a compact 
mass during the reactfon. • 


Page 1137. , The injurious effects of the manufacture of lime- 
nitrogen on health arc treated by KocLsch ( Vi^rteljsch f off. Ges. 
Pjl., xlvii., pp. 326-'35 o; Chem. Zentr., 1916, p. 517). ’ 

Page 1137. 'Preparation of Calcium Cyanamide 
«rV;w^r«).—Patents have bcerf further taken out for this by:— 


Stickstoffw^rke, Berlin, Ger. 
P. 258342. 

Krauss, Kappen and Aktien- 
Gesellschaft fiir Stiikstoff- 
diinger, Ger. Ps. 26046*^, 
267514; F‘r. P. 450435. 
Greenstl-«S;t, UfS. V. 1052815. 
M. Muller, Ger. P. 262473. 
Zamore. and Carlson, Norvv. 

Ps. 23063 and 23964. 
Stockholm’s* Superphosphate 
Fabrik, A. B* {Chem. ^eit., 
1312,9.1297)., * 

Zelasko, Ger. P. 273111. 

Grube and Kruger, Jje^ P. 

279133- . * *• 

M‘Couitt» and Ellis^ B. P. 

2S62J, 1912. • • 

Patrouilleau, Ff. P. 475 i^i. 
Tomm^i an^ Usine.s»Elec- 
triqpes de»la Lon*a, P'rV P. 
4762941 •• ,V 

Ashcroft, U.S. P. iio349g. 


•Lidholm and The Uettifoss 
Powder Co.|Gcr. P.>274472. 
Cay^on, Norw. Ps. 23063 and 
23064. 

Kirchlioff, Qicm. ZeiU, 191, 

, p. 1058. 

Prankc,. Chem. Zeit. Rep., 

» *1913, pp. 333 .503- 
lirinet, Ibid, 1913’, p. 665. 
Kiihne and Brcdig, ibid., I 9 f 3 r 
P- 831 .*.. . 

Alljy,/^rV., 1913,4). I4jr • 
lllackett, ibid., 1914,, p. 
430. * . 

il«nlgschmidt,*rW, 1914, p. 

•*5di. • . 

'V^riqjjst Chgii. Zeit*, I912»— 

•*V- 1171?; 1913*—PP- 370, 
S15. 617, 787, *i9.,.924, 

999, toi®, io8j, nil, n87,' 
1444,1563; 1914—pp. 201, 
4oi 5*9. 520, 621, 641. 
>78,1071, IPK), ij69. 
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Page 1145, Synthetical production of Ammonia,—Xvi Chem. 
Zeit., 191^, p. 915, Was^r reports on the economical success of 
the recently worked-out,methods for the synthesis of ammonia. 
In January 1914, a selling union was made between the Badische 
Anilin- iind Sodafabrik, the Deutsche Ammoniak-Verkaufs- 
vereinigung, and th'e Oberschlesische Kokswerke und Chem- 
Fabriken Aktifn-Gesellsthaft. The first-named firm the 
end of 1915 will produce about i5o,oocf tons ammonium sulphate 
per annum at their factory at ©ppau, in Silesia, by the Haber- 
Rossignol process (p. 1070). ‘ 

Page 1153. 'Ammonia as a By-product in the manufacture of 
Beetroot Sugar.—la the paper of Donath, abstracted in the 
text, remarks have ^becn made 'in the Deutsche 2 ^cker-Ind.,, 
xl., 503, Z angew. Chem., 1915, ii., 563, W which Donath makes 
a reply in Deutsche Zucker-Ind., xL, p. 845. ^ 

Vigano and Soldi’s Ital. P. 135224 treats the recovery of 
ammdnia from molasses-slops. ' 

Page 1153. Ammonia from Distilkrf Washes.—Kochen- 
doerfsr (U.S. P. 1165358) passes the nitrogenous gases produced 
by carbonizing distillers’ wash through hot tubes* lined with 
quartz ct zirconium oxide, to produce cyanogen compounds 
and ammonia. ’ ," 

Page 1182. Ammonia from P*//.—llalvorsen (B. P. 17882, 
1914) adds to peat acids or salts before heating ufider pressure 
to 160° to 300°, whereby a large proportion of thf nitrogen 
present is convertec^ into ampionia, and is recovered from the . 
liquid.* Suitable ehpmicals are hydrochloric, sulphqric, and 
'siflphi^rous acid; ferric chloride and sulphite; chlorides of Ca, 
Mg, or Na; kainite and bisulphif.es; but not nitric acid or 
riftrates.' ‘ ' 

Further patents; 

‘Testrup, Ailamt Rigby, and Andrew, U.S. P. 1145095I 
Nodon,(Jer. P..274346.**.' ' 

, Rigby and Carbonizing, Ltd., B. p. 1855S, 1514. 

Torfentgasungs|esells€haft St^bor, Ger. P. 290577.*^ 
r Page'1204. J^ecovery of Ammonia ^rom Coal-gas Washing-^ 
waAz-.—Hilleke (U.S. P. 1163752) washes the‘gas frith the 
^water of condensation; the wala is heatefl.*and |he*gases 
passe(ithrougL an acid bafh, to form*ammenium sulphate. 
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Pa^e 1213. Influence of Steam on the yield of Ammonia in 
gasifying Coal or Skdle.—S&chs (Ger^ P. 274011),-• inaugural 
dissertation, Karlsruhe; Chem. Zentr.,\<)\^, ii., p, 1222) states 
that in the employment of Jittle steam, 900°, in that of much 
^steam, 800°, is the best temperature for gasifying the coal. The 
steam has a protecting influence against the decomposition of 
ammonia by heat. The gases are talten away fjom the interior 
of the coal, etc., by pipes; the temperature of which is kept low 
enough by cooling-devices to .prevent fany decomposition of 
the ammonia. 


• Page 1231. Ammoniacal Liquor from Ti^, by treating it 
with Hot •Air. —The Bayerische Hartstein-industrie Aktien- 
Gesellschj/t, Wurzburg (Ger. P» 2^236) recovers the ammoniacal 
liquor present in the t»r, the vapours bein/withdrawn by a fan. 

Page 1234. Statistics on the Recovery of Ammonia in Car¬ 
bonising Coal in Great Britain. —According to Bone {Chem. 
News, 1915, cxii., p. ^’23), there was recovered in <jreat 
Britain;— 



. * Tons of Amaiouium Sulpliate 
produced in 

Year. 

By-p9)duct Coke* 
ovens .f 

• 

(j as* works. 

i 90 i ... 

• 17,435 

149,489 

190? 


165,218 

• • . . 

1913 

00 

eo 

* 182,180 


Page 1252. An^monia from Crude Heating and Li^htihg* 
Gases. —DraBe, Z. angew. Cltym., 1916, ii., . 

Page JS64. Composition of Gas-liquorfrom Verticul Rttti ts.— 
Kropff (/. GasbekuchU, 1916, p. 158) analysed such liquor* by 
Dyson's method {supra, p. J 277), anc^found in it 
Total ammonia . ’ * . 16-34 gramr^es per litre. 

Total sulphyr *. . . . » . 2 fii „ 

• Grammes per litra # * 

NH,I . 3-84= 1-29 per cent, of the total TJHj. 

(NHiljCO, .>48 = 12-42. * =78-83. 

NH,C 1 . »03= 205 >. =' 2 - 5 > 

NHfCNS * 0-53= 0-12. „ = 0-73 
(NH.lijSO,*.* 0-28=? 0-04 ,, = 0-24 
(NHjljSA . 9-19= o-ii* ,r = 0-67 
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Page 1301. Properties of Ammonia.—l^ms and Adams 
(/. Amer.'Chem. Soc., 1915, xxxvii., p. 4'58) state the following 
amounts of calories as the free energy of the formation of NH, 
at 298°: for gaseous NH,, -474a cal.; for liquid NHj, -3490 
cal.; for-NHj in aqueous solution, -7130 cal.; for NH^OH 
in aqueous solution,‘■-63,750 cal.; for NH^, -19,895 cal. 

Page 1329.' Storage of AinmotiiMal Liquor. —To prevent 
the loss of ammonia by the circulation of air above the surface 
of the liquor, Curphey'f/. Gas"Lighting., 1915, p. 424) covers jt 
with a layer of paraffin oil, which also retards the formation of 
ammonium salts by oxidation. 

Page 1358. Manufacture^ofiLiquor Ammoniie.—Jht paper 
of Hilgenstock is also found in Atner.: J. Gas Lighting, i^h 
Oct. 1915, and /. Gas I.ightiug, 1915, cxxxii., p. 436. 

Page 1467. Jhe use of nitre-cake in the manufacture of 
sulpluite of ammonia, in lieu of sulphuric acid, is advocated by 
the British Ministry of Munitions, by a pireWar issued in 1916 
[Chem. Trade Journ., 1916, p. 212; cf. Cooper, ibid., p. 233). 

Page 1484, Ammonium Sulphate, together with sulphur, is 
obtained by Bergfeld (Ger. P. 290509) from crude coal-gas by 
washing it, first with acid ammonium, sulphite solution, and 
then with an alkaline sulphite soh'tion. 

Ammonium sulphate frorn coke-oven gases, aceprding to 
Wiley (/. Gas Lignting, 1.916, p. 257), is best obtained by the 
“ semi-direet ” process, described in ]. Soc. Chem. Ind., 1905, 
‘pi 839. 

Page I520, Statistics on Sulphate of Ammonia. —According 
to Brhdbury and Hirsch, ir 1915 the United Ktngdoih< produced 
ammonia caipulated as sulphate, from all sources (including 
that used in the inanufabture of amlnonia-soda, munitions, and 
for other chemical purposes): 423,000 tons; viz., gas-works, 
173,000 tons; i'on-Wor.ks, i^.pex) tons; shale-works,'58',ooo tons; 
coke and carbonizing woi*ks and producer-gas, 176,000‘jjins. Of 
dhaiquabtity, England contributed 302,000 tons,Scotland ii8,ooq, 
tons, and Ireland 5000 tons (/. Soc. Chem. Ind., ?gi6, p.*iH). 

The exportation in 1913 was 328,238 ton^j-in 1914,518,913' 
" tons 1915,'p. 547). 
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Pa|ge 1522. The United States produced in 1913,195,000 \^h' 

tons, in 19141 i83,C)00*tons, of ammonium sulphato, of 
76 f^r cent, came from coke-works, an 3 24 per cent. ' 

works and other sources {Chftn. lud., 1915, p, 550). 


Page 1524. Austria-Hungary produced in ipi’c, 38,000 
tons, in 1913,45,000 tons of ammonium sulphate {Chem. Ind,, 
' 9 i 6 |ip. S 3 ). 


Page 1532. The Badische^nilin- jjnd Sodafabrik (Ger. P. 
290747) prepare ammonium chloride by the action of sulphuric 
acid and ammonia upon alkaline chlorides ij? presence of a 
limited quantity of water. 
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AssORBtNO'Al’AsATl'S for ammonia duction, 1045; increabe of itsapplicaticffi 

* vapours, 1381,1382 for agricultural purposes, 1040; mann- 

Absorbing*oil,^, 645 facture from gas-liquor, 1017, 1237, 

Accidents in tar-works, official recommenda- 12^0; from b^-produc.t coke-ovens, Z018; 

tions of rulga for preventing them, 103^ future of the ammonia industry, 1049 
Acenaphtbene, 248; recove^ in tar di8« Ammonia, gatural occurrence in soil, water, 
tiiline, 853 * and air, 1030; in ^ano, 1050; in the 

Acenaphtbene hydride, 248 suffioni,1051; in voTcanicproducts, 1051; 

Acetic acid in coal-ta#265 in carnallite, 1031; in various rocks, 

Acetone, 263; use for washing crude an- 1032; formation by putrefaction, 1032, 

thra(%ne, 617 / • <054; from nascent nitrogen and 

Acetophenone, 266 * hydrogen, 1053; from nitsites, 1033; 

Acetylene, 218 ^ from atmospheric nitrogen, Z033; from 

Acetylene series, 218 • cyanogen compounds. 1033; by the 

Adds in creosote oil, Tidy’s process for decay of organic substancef, 10541 
determining them, 699 destructive distillation, 1034 * 

Add-tar for decomposing sodium pheno- • Symthetical production from nitrogen 
late, 744; running off, 878; acid-tar and hydrogen, 1048, I034; by h^h 

from washing tar-oils, $87; injurious^ temperatures, 1063; from steam and 
propartiesf 887 ; utilization, 888; dilu- ftitrogen, ic^; by catalysis, 1063; 

tion with water, ,888 ; pr^aration of prdiess of Haber, 1070; his patents, 

asphalt from 11^889; various uses, 8w; 107^; patents of the Badische Anii^n- 

burning it for mlj^ur dioxide, ; und Sodafabaik, 1076, 1079; processes 

carbonization, ^92; use for the manu-,, for the synthesis of ammonia by various 
. facture "df ammonium sulphAe, 893; catalyzers, 1085; (iron, 1085 ;^alladium, 
,.1164,1607 I zinc, i<:^7 ; ruthenium, 1087, 1610; 

Examination of add-tar, 894 cerium nitride, 1087; titanium, 1088 ; 

Recovery of the py^dine bases from vanadium,* 1088); *vari(ms catalyzers, 
add-tar. See Pyridine * 1088,160^ apparatus, 1090 a • 

Acridine, 300 • * Synthe|^s of ammonia fjom nitrogen 

Acridine, methylated, 301 • and hydrog9p*by the*aid of the elects 

Acridine hytdriaes, 301 • • ^ current, 1090 • « , / • 

Atfogen gas, 1026 1 Production of ammonia from free 

Air-pRssure for movinf tar-oils, 431 , nitrogen by^^he ioterveniioo oUiitridei, 

Albo-t^bon light, 84^ • ^ i« 95 i 1610 i 1095,1610; silicon, 

AlccAols in coal-tar, 264; absolute alcohol ^*1096; titaniuiff, 1097; magncdum,, 
made by fractionation with benlibl, 1019 « i ]^; caldum, 1102 ; aluminium, 1102; 

Aliphatic hviocatboni in crude bcnibl, .gerpek’s process, no2; ferro-aluminiuBf 
eitimaSloni^ \ . .nitri^, ^109, b 6 io; ffther alrtninjjim 

AllyieDC,fi 9 *• • \ J*^ocesses, nil; ffoD,.iii 2 ; various 

Aluminiim nilride^aa*catalyzer for the nitrides,iwa, 1610); bj'tlmmtervenriai 
I synthnis of ammonia, 1x02 * *6f cyanide^i 1113; (historicth J 

Ammon» ki coal-tar, 290 • cyanide* of barium, 1114; Mmd s ptm 

Aodmoiia, bistoAurf note» oil it ^d its ct$^ luj; l?y various cyanides,' 1119; 

compounds, 1041, JO44, 1045 ; ^ its by galdiffh carbide and cyanamidc [lime- 

application, 1045; on its*indu8lnarpro- ^ nitrogen]), ii2^Jsee this);^by titaflittx&. 
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^»no.nitr(lJe, ti«; general, i6n; from 
lutrof^n oxidet and in various inorganic 
caemical proc^ses, 1145 
RewTered as a by-product,in the 
manufacture of beetroot sugar (vinasse), 
X148, 1613 j from urine, sewage, etc., 
'> 54 ! from guano, 1161; by carbon¬ 
izing bones, horn, leather, woof, hair, and 
other animal substances, .1163; from 
peat, 1168,1613; from bituminous shale, 
11831 from coal, 1184, i6i3 ; from Spent 
oxide and other bj-ptoduas of gas¬ 
works, I 3 o 6 ; from calcium-carbonate 
mud, 1307 l.from gasifying coal or shale 
by the action of steam, 1307, 1613 • 
Mond gas-process, 1313; Lymn’s gas- 
process, 1333 j other gasii^ng processes, 
1331,1613 

From coke-ovens, 13^4, 1337, 1613; 
condenslng-apparatus, 1340 
Direct sniphaie process, Iij37 ‘ 
Recovery by means of sulphur dioxide, 
:338 

Recent improvements in the recovery 
of ammonia from coke>oven gase«, 1243 
Ammonia from blast-furnao; gases, 1345; 
from producer-gas, 1252 ; from ordinary 
products of combustion Ccoal-smokel, 
“ 54 ,. 

' “Fixed" ammonia, 1257,1337 
Estimation of ammonia in spent oxide, 
1290 , 

' Physicalproperties, 1291,1614 
Ammonia, anhydrous liquid, properties, 
12931 degrees of cold produced by' it, 
J394 j solvent powers, 1294; behiviour 
, >*[*?*'> f 295 i hydrates of, 1298; 
solubility in other liquids, 1299; 
absorption by solid substances, 1300; , 
chemicaS behaviour, 1301; decomposi’ 
tion by the electric current,' 1301; by , 
heat, 1301: by li^ht, 1304; by radium 
emanation, 1304: combusti'biliry, 1305; 
hetatiour towards various, elements and ' 
biides, IJJ5; towards other gases and 
ctiquids, ]physiol6gical properties, 
1307; useVoiwasting CTude anthracene! 

M*nifacture, 1388 ; his'orical, 1388 ; 
^erql principles, 1489; jiurification of 
the gaseous ammonia before compressioh, 
139® i testing it for moisture, 1,391 ; 
intemediatevesaefa, 1393; tTimpressors 
(or liquefying, I394‘ cooking,of the 
compressed gas, (395; collector, 13^“; ; 
combination .of apparatus, S 396; appar- 
atue of tfid Germania Engineering Wortt's, 
1396;, of the Maschinenfabfik Surth, 
1397 i of TeichiAann, 1400; various 
prases, 1403 ' , 

'atorag^ and tspiage of liquid 
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mimonia, 2404 j rules davGetniio’' 
M05; cf m 

findish'Board of Trtd^ j 

of the drums, 1406 ; dischaigliuf-yolvel, 
'407 

Properties of commercial litmid-' 
ammonia, 1408; applications, tioQ t; 
analysis, 1410 “ 

Ammonia, aqueous solutions of, spedfic 
gravities, 1397; vapour-pressures, 1398: 

chemical behaviour, 1307 - ' 

Ammonip, solid, 1383 " 

Ammonia vapours, absorption in water, 

I 1380; by hygroscopic salts, 1383 
Ammonijcal liquor, consposition, I3s6g 
induence exerted on it by the sWle trf 
the gas-retorts, 1358; by the washing 
out of the hydrogen cyapide, 1258; to 
the oxidizing action of the air, 1250: 
.analyses by Linder, 12604 dktributidh 
of sulphur. 1263; of cyanogen, 1263; 
recovered sulphur, 1264; analyses by 
Mayer and Hempel, 1265 
Valuation of ti e hydrometer, 1266; 
by chemical'methods, 1266; estimation 
of volatile ammonia, 1267; of total 
ammonia, 1269; methods for the use of 
workmen, 1269; accurate methods (dis¬ 
tillation tes'), 1270; choice of the acid 
,for titration, 1278; of the indicator, 
1274; azotometric test, 1374; complete 
analysis, 1277,1289 ' 

Working it up, 1326; separating from 
the tar, 1326; storage, 1329, 1614; 
working it up without distiKatiou, 1339; ' 
direct use as manure, 1329: direct' 
saturation with acids, 1329 
Treatment with caiaum or magnesium ^ 

sulphate, 1330; with' kieserite, 1333; 
with coal-gas, 1332; cont trsion inh) 
nitric acid, 1332 

Removal of the cyanides before-diS" ■ 
tillatioii, 1333, 

Removal of the tar-fog before treating 
the gases for*ammonia, 1335 
Distillation, 1336; quesUon of boiling 
with Or nithout lim& 1336 y .'jse of othbr 
compom'Js for liberating the ammonia, 

1341 I «; 

Distillation. Sit Stills ‘ 

Various products made from it, 134I: 
concelifrated gas-liquor, 1344; various 
apparatus, 1344; affparatus of Sr»lv»y_;: 
13^5! of C.rtineberg, 13J7; of Grtno? 
hffg and Blum, 1351; of the*-' Bamag,^! 

1351 j Wher apparatus, 13586 sue^ 
pro«68«i,. 1358, 1614; concltfdiBgw.! 

marks, 13^ 1 0 , 

Manufactule of pivtsliquor ainii«tl||^*t 
itH: removal yf hydrt^ suMMf^ 
and carbon dioxide without limeJiS^^ 



a .* ^ , 

aMthod of Pfeiffer, 136a; of Solvay, 

; of Juliui iPintscb, 1365; purifica¬ 
tion from empyreumatic fariy) aub- 
afances, 1366; apparatus for the 
manufacture of liquor ammonix, 136S; 
timpie apparatus, 1368; of Elvers end 
Padt, 13701 of the ''Baitiae,” 1^73; 
of Hirzel, 1374, 1375; of Feidmann, 
1375; of Mailet, 1375 ! various, 1377 
Carriage and atorage of ammoniacal 
iiqiur, 1383, 1614; in giass carboys, 
1383; in iron drums or tani-wagons, 
1384; localities for storage, 1384 
Uses of liquor ammonisc, 1384 • 

Testing of Jiquor ammonia:;, 1385 
Reception,Vanspoitation, and storage, 
1489- . 

Amraoniakprober, izfiq 
Aknmonias, substituted, 291 
Ammonium apetates, 1325,1381 , 

Ammonium Oromide, 1545 
Ammonium carbamate, 131^ 

Ammonium carbonates, historical notes, • 
1041, 1043; varioms properties, 1315; 
commerdal carbonate offammonia, pro¬ 
perties, 1317; solutiowr >3l4; various 
carbonates, 1552; formation, 1552; 
manufacture, 1552; r^ublimation, 1554; 
drying, 1555; various methods of manu¬ 
facture, 1556; use of calciurn-rarbonme 
mud, 1559; pure commercial ammoniuin 
carbonate, f^6o; applications, 1560; 
statistics, 1360 , 

Ammonium chlorate, 1321 • 

Ammowum ochloride free Sal-ammoniac), 
properties, 13123 specific* gravity of 
solutions, 131J; action on meuls, 
1313; reactions, 1313 
Manufacturer 1326 ; by direct satura-, 
tion of ^hl-liquor with Jjydrochftric acid, 
1527; from the sulphate, 3530; othei 
processes, 1532; from waste liquors of 
ammonia-soda works,, 1334; various 
processes, 1536,1615 , 

Properties ,of crude ammonium 
chloride, 1538 • 

Sublinutiion, lyq; pure •s'ktalhzed 
muriate of ammonia, 1343; purification 
troiff iron, 1544 • 

Usis, 1544 i statistics, 1545 / 
Ammonium chromates, I 3 t 4 > 

Ammonium cyanide, 1 3 11 • 

.Ammonium f^rocytnide. 33^1 ^547 
Ammonium fluSriae, 1 3 I 4 i,tw 5 | 
Ammoniuil formate, 1323,1^81 • , 

Amtnonii|n nitrat% giropertie^ « 22 ; 
Toanufiture, 1561; from iigiror am- 
monimjmi nitriceicid, 15624 by decom- 
npiitifn of oth» ammoMum* salflyvith 
toates, 1563; byoudation of an)j^ia, 
I jyi; various methods, IJ 7 * I statistics, 
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1573; pi^epa/ation in the franular state, 
1573; examination, 1573 
Ammonium nitrite, I333,^56( 

Ammopium oxalates, 1325 
Ammonium perborate, 1577 
Ammonium perchlorate, 1325,157^1 
Ammonium persulphate, 1321,1574 • 

Ammonium phosphates, 1324,157S • 

Ammoniumi sulphate manufacture, 1414 1 
older process, 1414; Coffee still, 1416 ; 
horizontal cylindrical stills, 1423; con* 
tiuuous satur^ion apparatus, I424; 
Dutch apparatus, 1426; apparatus of 
A. ^llet, 1427; of GrUneberg, 1432; 
of Cffiineberg and Blum, 1435 J 
Hirzel, 1443; of Feidmann, 1439; of 
Pintsfh, 1443; of P. Mallet, 1446; 
various forms of ammonia stills, 1447; 
ohtainin" anftnonium sulphate free from 
cyanides, 1450; treaimenl of aromoni^l 
® liquor ii^ the cold state for removing 
hydrogen sulphide and carbon dioxide, 
1454 ; apparatus for working sewage 
Qe/- this) 

. Absorption of ihc vajiours in sulphuric 
acid. Stf Saturators. 

Various processes for producing it, 
1483,1614 
Coloration, 1485 ^ 

Draining on inches or byaentrifugals, 

i '487 , .* 

p Store-rooms for it, 1488; griinulaUng, 

I drying, and screening, 14^8; packa^s, 

i 1489 

• Concentiaiion of solutions, 1511; 
smfll arising in this operation, *5** _ 
Manufactuic otherwise than from 
ammoniacal liquor, 131Z 
i Eiaminalion of commercial sulphate of 
‘ ''ammonia, 1513 ; percentage If nitrogen 
i or ammAiia, 15131 table for comparing. 

I *ihese, 1514; moisture, 1^4; free acid, 
i5U;*coB)ur, 1514’; im^rities, 1516; 
f sulphocyaqide (thiocyariate), » 1516; 

[ organic egtspounds injurieus to plant 
life, Iii 7 ; prescriptidhs Itid down ^ 
•^safe-notes, 1517* • . • * 

Applications, 1518 

Stati 8 ticB.^for Sreat BritaiOi^ 1520 J 
* 1 ^ 4 ; Ui^ted •Stales, 1522 ^ 1615 ; 
Vlermany, 1523 * olher countries, 1524 , 
i • 1615 ; world's production, 1525 
! Agimoniuni sulphate* various, properties," 
! spijiific gfevity of solution*, 13^0 

•/ffnmonium sulphides,l3io 
! Ammonium sMphites, 132J, 7480 * 

Anrtnonium splphocyanidc (t*)bcys|iaie), 
properties^ 1310 j preparation _I 547 ,* 
applioatioiw, 1551 i tnalysis, 1558 
Amm^iunfthiosulphate, 1321,1378 
Amjlene, 213 
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Aoiil^l subttAices, reeoverf of ammonia in 
carbonizing them, 1163 
Aniline in co^-tan 391 
Anthracene, 350; &»covery, 3^0: con¬ 
stitution, 251; formatioo, 2511 pre¬ 
paration in the pure state, 353,' 621; 
rproperties, 353; prepared by distilling 
, pitch, 570; new uses of, 624; yields, 
637; statistics, 638; prices, 629 
Anthracene hydrides, 254 
Anthracene, crude, quality, 590; pero^nw 
age of pure anthracene in it, 391; 
crystallization of crude anthracene, 593; 
cooling the anthracene oil, 593 ; filtering 
the cooled oil through baggii^, $94; 
through Biter-presses, 596; by aspirating- 
machines, 597; iy centrifugal machines, 
598; by hydraulic presses, 598; applica¬ 
tion of heat, 599; various methods of 
filtering, 602 

Treatment of the oils filtered from 
crude anthracene, 602; carbolineum, 
605; employment of anthracene oil 
for removing naphthalene from illuminat¬ 
ing-gas, 607; for the construction oC 
basic linings in steel-workr, 608 
Washing the pressed crude anthracene, 
609; M'ith solvent naphtha, 609; with 
pe^oleum spirit, 612; with creosote 
ml, 613 ; witii ^aralBn oil or oleic acid, 
01$; with pyridine bases, 615; with 
various agents, 616; danger of Bre, 
fi8 

Anthracene, crude, puriBcation by fusion 
with caustic potash, 618; debydratibn, 
631 

{ Disease afBicting the men employed 
in the purification of anthracene, 622 
Subumipg the anthracene, 622 
SynttHis of anthracene, 624 
Properties, 630; composititn of crude 
anthracene, 630; analysis,632; sampling, 
633; anthr&buinchie test, 633^* H6chst 
t«f*»<^34; other methods, 634; estima- ‘ 
tion of {he quantity ol anthracene 
^ present in tar, 6^9 • ^ 

0 Dsteciii^ eAimation^of" the 
impurities contained in commercial 
antlu^:cene, 640; iiqido-pbenylnapbthyl. 
640; methylanthrarene, MO ^ 

Anthracene oil, 450, 1 ^$!; composirioCi, 
589; method of working it^up, $89 ‘ 

■^Anthraquinone test^^or the estimation^of 
anthracene, 633; Hti^hst tes^, 634 
A^Uiriiol, 372 . “ 

Anthrol, 379 p- 

XatinpnniapSn"’ ' 

(\ntiseptic application of coaMan,'37i 
Argon; db6,1124 • ^ 

Armooiacum, 1042 < ^ 

Artfioatic addition products, 314 


fi- 

Arsenic, removal, in the manuARturo of 
ammonium sylphatedy the use of add* : 
tar, 893 

Ashes, estimation in coal-tar, $36 ‘' 

Asphalt, manufacture from tor without die* 
tillation, 3681 In tar<dutiIUQg, 4^1; 
p^centage of it in coal-tar, 532; nature 
of pitch-asphalt, 535; statistics, $$$; 
distinguishing natural from tar-S8|^t, 
585,1601; employments, $$6 \ lor street- 
paving, $56, $62, t6o]; for ini^ting . 
cables, ^563; testing bituminous uindera 
for asphalt paving, 581; asphalt from 
< acid-tar, 889 

Asphalt paper, $62 ^ • 

Asphalt pipes, 561 

Asphalt, natural, distinction from coakar* 
asphalt, 585 ^ 

Astatki, 190, 329 

Anrin. See Rosolic acid ^ 

Autin, 1028 
Avenarine, 60V 
Azotometer, 1274 

Bacteria for^converting niitogen into 
ammonia, I0>^* 

Bacterial treatmt:nt of. waste ammonia 
liquors, 1493 
Bakelite, 814 r 

Barium carbide for the synthetic production 
'of aromatic hydrocarlwDS, 195 
Barium cyanide, use for thr manufacture of 
ammonia, 1114 
(Barol, 606 

Bases contained in coal-tar, 390; ffi light 
oil, testing for, 957 p 

Beetroot su^r, formation and recovery of 
uMmonia in its manufaicture, 1148 
Bellite, 1030 ^ 

Benoid ^as, 1026 / «® 

Benz-asphalt, 352 

Benzene, 223; discovery, 223; In coal- 
tar, 225; formation, 326; ^properties, 
327; theoretical importance, 228; solu- ^ 
bility, 229 illuminating power, 2891 
toa»cproperties,23o; chemical behaviour, 

231 • ® 6 

Preparation in the pure state by ipeclal > 
stills, 922, 936; b** solidiBcation, ^0 
Benzene series, 222<. * ^ 

Benzerythreqe, 263 ; 

Benzoi<rd!bid as a bjr-product in the manu- 
Tacture of carbolic acid, 741: manufacture 
frpm light Kil, 856 ^ 0 

Begkok recoVci^ of tlus cofitained ti 
i^uroin coa^^a^, 64, 1$^; from .4 
coke-bv/ip, gases, 70; in themoape 'dfc 
oltro-benzoT, 82; eompositiqp Vf betuMl 
■ recovered frtan coi^gos, 83; tt^aal&OBl 
q$ebenzene and kr cong^oert iQ 
g^3,'85,i59(;^; deVelopmeotofthe«$tri^: 
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tiou of'i^nzol from ooke^oveirgasest 155, 
15935 from petroleum, 1^94, J595; 
dUtinciion from benzene, 221 hie 
this), 1596 

^nzol, crude, from light oil, 863; 
.from coke-oven gases, 865; piop^ties 
of this, 1596 ’ 

Deodorizing benzol, 919; rendering ii 
non-explosive and non-inflammable, 919 
Composition and properties of com- 
mer^l benzols, 948,954 
Pifre benzol, requirements fo#, 935 
Benzol, commeicial, testing methods, 
958, -1607 I by fractional distillation, 95I 
(w this), inl^ence of carbon disulphide, 
970; determination of toluene, 971; 
specific gravities, 972; testing for 
paraffin this), for petroleum, or 
shale-spirit, 973; nitrating test, 975 ; 


f 


uses, 178; apparatus for the recovery 
of ammonia from them, 1245 
Blue-sieaming of bricks, jli ' 

Borong nitride for the produc ion of aa- 
moma, 1095 

Break in the distillation of tar. 445, 446 ^ 
Brickwoik, painting with tar, 349* 
Brimstone, application in (fie last stage of 
tar disiillftion, 457 

Brimstone-acid for manufacturing sulphate 
ofammonia, 146; 

Briquettes made uHh tai, 360; with pitch 
(w Patent fuel) 

Bromin^test for benxol, 997, 1005 
Brunobc acid, 281 

Burning-naphtha, 921; iriopeilies, 921 
Butadiene, 219 
Butane, 209 

.. ^. .„ , Buiylene, 213 * . 

titration wijh bromine, 977 ; testing wi|i ' J^y-productrccovciyioke-oxens. iVeCoke- 
concentratea sulphuric acicL 978; for the ; making # 
smell, 980; examination for carbon di- i 

sulphide,980(qualitative,980; quaniita- ^Calcium carbide and cy.inamide (lime- 

nitrogen, Kalkstickstoll), 1123, 1611; 
historical notes, 1123; scientific laboratory 
investigatiorft on the fixation of nitro¬ 
gen by the carbides of aliialine-earth 
metals, 1125; manufacture of pure 
calcium carbide, 1127# technical pro¬ 
cesses for the pieparaiion •©£ calci^ 
carbide and cyaiiamide (lime-nitrogen), 

^ 1127 ; procesbesof Frank and Caro,1128; 
other processes, 1131, 1611; ulfcs 

of limc-nitrogcii, 1137; produition of 
iftnmoniafiom calcium cyanamide. 1137., 
of cyanides, U40; of graphic, 
1140; storage of calcium cyanamife, 
1140; statistical notes, 1140; analytical 
methods for cyanamides, 1142 
Calcium-rarbonatc mud, ammdiSia from, 


live, g8i ; by con'^rsion into xaniho- 
genate, 982 ; other metl^s, 983) ; for 
tliiopbens, 984 (qualitaijS, 98^; quanti¬ 
tative, 9S5) ; for total lulphur, 987 ; foi 
pyridine and other ba^s, 988 
Estimation of the real composition of 
commercial benzols, 989; fractional dw 
tillation, 988J testing for toluene in 
"pure benzene,’’ 992 
Preventing the formation of exjdoihc 
mixtures with air, 1008 
Stoiage,ioo7 I carriage, 1010; moving 
about in tlm facto^es, joil^ apparatus 
for filling caslcs^safely, loi l 
Applications, 1012 ^ various, 1012 *as 
solvent, 1012; tor india-rubber, 1012; 
as detcr^t, ICI3 yfor^amishet, 1014; 
for the removal of naphthalene fiom coal- 
gas, 1015 ; for denaturing spirits, 101$ ; 
as iliuminant, 1017 ^ mixing with 
petroleun) spirits, 1019; use in miners’ 
; lamps, 1019; ^rcarburettmg gas, 1021; 
for driving motors and motorecars, 
1027, l6of f for v^ious olher^phiposes, 
1038 % 

Sffftistics, 1030, l|p7; fluctuations in 
priOfts* 1032 • 5 

Benzol-magnesia, 1013 • 

BeMonitrile, 306 • 

BiShuUc pavement, ^$8 • 

Bitumens,^ * 4 

Bltuminou# substances in ^itch, etes^g 


fi #,58 

Bhtck-asl 




formation 


of 


• • 

cyHiWft and 
ammon&in its maaufacture, 1 147 
Blaill*fusiace gaatSA tar And* adls^ia 
■ iftigm, 163 if Gartmyrie process,,^ ; 
t (O&poiition of blast-furnace tar, 176; 


a .1207 * 

t-lcium nitride as cat;lyze| for the syn¬ 
thesis <4 ammonia, 11 02 
Carbazol, 307^612, 615, 627; estifiuftion, 
642; discQpery, 644 • 

CaibsneSfSSt •• JL . '*• 

Carbolic acid, propertias. V,^hen6l 
Manufacture, 731 j lieaiment of the 
carbolic oil«4r middle oil withHaustic 
woaash or sgda, ^31 ; with lime, 732; 

uantity andstrCTgthof alkali employed, 

• 73%; fractional sajnration, 733; pre- , 
icription 4if I-owe, 733 i^other prescrip- 
lions,^34 4 ireatAent of middle dU with 
t % mixture of lime an^ sodium sulphate, 
735; with hydrated liii| 0 |. 7 ^ mixing 
orthe cybolK oil and the alkaline lyiujd, 
737; miXing-vesselS) 738; oil dsawn oS* 
Iromathe soilium pbetolaie, 74a; fSrthef 
trea^nenAof the cattolic oil, 7413^- 
co^ery of benzqj* aci^from it, 7415 







tr&tment oFthe liquor coiflainiog sodium 
pheliolete, 741; removal of impurities, 
741; decomposition by minerai acids, 
W ; use of sulfihuric acid, 744; of acid- 
nar, 744; of hydrochloric acid, 7(5; of 
sulphurous acid, 745; of carbonic acid, 
<■746; of sulphuretted hydrogen, 749; 
f dealing with, the solution of sodium 
sulphate, 749 

Working up the crude carbolic acid, 
749; washing it, 750; waste-water, 750 
Manufacture of p-re carbolic acid, 
750; first distillation, 750; various 
apparatus, 751; distillation of mother- 
liquors, 755; crystallization of ^he dis¬ 
tillate, 755; manufacture in England, 
758; prevention of nuisance, 760; 
covered receivers, 760; absolutely pure 
carbolic acid, 762 ; synthetic production 
of carbolic acid, 764, 1605 
The reddening of carbolic acid, 765; 1 
causes of it, 766 ; processes for prevent¬ 
ing it, 770 

Liquid carbolic acid, 773 
■ Yield of pure products from crude 
carbolic acid, 779 

Methods for examining carbolic oil 
(middle oil) and carbolic acid of various 
grades, 781; estimation of the total 
phenols, 7,82; St the crystallized phenol, 
<782; solidifying-point, 782; amount of 
bases, 784; of pyiidine bases, 784 , 

Commeryaal lorms of carbolic acid and 
thecresols,785; crudecarbolicacid, 785 ; 
crystallized phenol, 785; liquid crude 
carbolic acid, 785; pure cresol; 785; 
crude commercial carbolic acid, 786 
Testing of crude carbolic acid, 786; 
approximate estimation of phenol, 786; 
method^J^>f Lo.ie, 787; other methods, ‘ 
788; estimation of water- 790; of 
naphthalene, 792 ; various methods, 798 ^ 
discovery ofparaffin, 794 '■ 

(Examination of pure phenol and' 
cresols, 7^15; fusing-points, 795, 796 ; 
((Contents of water, 795,4^solubility, 797 : 
sulphur ctjmpoun^s, 797; disfinciRn of 
liquefied pure carbolic acid, 797 r' 
Er'ct quantltativ^e estimation of phenol 
as triDromophenol,798; mfithod of Koppd- 
schaai, 799; similar ipethods, 800; othtir 
methods, 803; methods for estimating 
the three cresols, 803 a v 

Df termin ation of phenols ifi gas-liqtfor, 

*285 . . ‘ I (''tff 

Commercial preparatiops made from' 
carbolic lucid hnd cresol, 806 - carbelic- 
4ci& „saips, 807; solubl^ cqrbolic-acid 
preparations of nca-soapy character, 809: 
carbolic-acid powders, 811 j carboVt-acid 
Cblets, 8h ‘ 


'Poison^hs action of caMc 
cresols, 813 - - ' .v;; 

CondeiSiadoo-prqdsc^sdf pbenalurith); 
formaldehyde (bakelito, Wsinit*), 

Analysis of carbolic-add preMiatioaBi''’i 
815 ' 

Applications of carbolic acid and'of tife \ 
cresols, 821; for medical and ^ntisepfic- ' 
(disinfecting) purposes, Sal; fortechnicai 
purposes, 822 

Statistics, 823,1605 

Carbolic oil, 448, 651, 724, 1602“ com. 
positioit, 724; properties, 725; working ' 
,it up, 725 ; redistillation, 726; frac¬ 
tions made in this, 728; cooling it downa 
and obtaining naphthaldne, 729; frrat- 
ment of the oils draining from this, 731;« 
treatment for carbolic acid (set this) 
Carbolineum, 593,605; examination,-643 
Carbol-lysoform, 662 

carbon, free, in coal-tar, 3o8,'452 ; estima¬ 
tion ol it, 308, 5231 purification of the 
tar from it, 394; cause of boiling-over 
in the distillation. 438; in pitch, 531; 
estimation iri pitch, 575; manufacture • 
from pitch, Ifjwi 

Carbon dioxide, Removal from liquor am- 
moniac, 1358,1361 

Carbon disulphide in coal-tar, 286; In 
benzol, 936; removal, 937; influence in 
’testing benzol by distillation, 970; 
examination for, 980 (srA'Benzol) j 
. Carbon oxysulphide, 287 
Carbonic acid lor decomposing sodium 
r phenylate,746 , ^ 

Carbons, elettric, raadi from pitch-cOlte, 572 
Carbosprit, 1020 “ 

Casbures in pitch, 531 “ 

Carburetting-gas by tar-oils, 1021 
Carburecting-naphtha, 918 oi^ 

Carburetting water-gas by benzol, 1024; ^ 
valuation of tar-oils for this purpose, 
1026 „ 

Carnallite, amm6nia from, 1051 
Carriage of uoal-tar in boats, 376; in 
rajlway trucks, 376; in'" wooden or iron . 
casks;.378 ; of benzol, loiij ^ 
Catalyzeridor the uiliiin of hydrogen aui} ,f. 

nitrogen, 1065,1074,1077 ® 

Centrifugal machines for filtering ssrude I 
nnthoacene, 598; for draining: 
Tnothev-liqfaor from ammonium subnU.^ 
11487 , .. 

Cerium oxid* for obtaining fieebtUMOttle,! 

Cdium i^tride as catalyzer for flieamntiiM 
of iniinonia, 1087 ° 

Cespitinel 
Chrysme, ibo t 


Clu*ene hydrides, 2^ 
ChrykOgen, 261 •> 
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Claus jSroc^s for Ireating the gases from 
ammonia saturators, 1500,1511 
Coil, formation, I; prop^es, 4; com- 
p^ltion of various classes of coal, 5; 
resinous and wat-like substances con¬ 
tained in coal, 7 ‘ dissolving action of 
pyridine, 8j,of bromine, 9; gases con¬ 
tained in coal, 9 

Occurrence of coal in nature, 9; produc¬ 
tion of the principal countries, 10 [ entire 
stQ|k of coal in tne earth, 10; proportion 
of ^al used with recovery of |ar, ri 

Destructive distillation of coal, il; 
solid residue, 12; permanent gates 
formed, 12 • watery distillates, 12; tar, 
13 Or<?tbisJ, 1587 

Ammonia from coal, 1184; percentage 
ofnitrogen^n coal, 1184; production of 
ammonia in the manufacture of coal- 
gas and ^ke, 1185; yield of ammgpia 
in the manufacture of wal-gas, 1187; 
influence of tcmperatureT 1191; special 
processes for the treatment of coal-gas* 
for ammonia, iifi; Piocesses for in¬ 
creasing the yield of roimonia in gas¬ 
making, 1300; “lim^ifg,” ^200; by 
means of hydrogen, 1*202 ; by means of 
,,,steim, 1203; amm^ia from coal gas 
directly, without scrubbess, 1204; gasi¬ 
fying coal by the action of steam (i^o- 
ducer-gas, l^ond gas), 1207 
Coal-gas, ammonia from, 1187 
Coal-smoke, ammonia from, 1254 
Coal-fcir. See Tar, Gas-tar , 

Coke kreezo, working it up by the Lymn 
gas grocey. 1227, • 

Coke-makin* tjitli recovery of tar and 
ammonia as bv-pro<^ucts, 87; statiftics, 
94,1590, 1591^ enumeration of patents,^ 
95; d^^iption of thg most ftnporiant 
forms of by-product recovery coke-ovens,, 
• 98, 1592; modified beehive ovens, 99; 
JamesoE ovens, 99; ytto ovens, 103 ;, 
modified Copp^e ovens, 104; ovens of 
Ltirmanu, 104; of Otto-tloffmann, 105 ; 
of Otto-Hilgenstock, iii; otheroovens 
of that* liass, n? ; modified Carves 
ovens, 119; Simon-Carv^s %Yen8, II9; 
Hdlsencr ovens, ^27; Semet-Solvay 
ovtiTs, 131; otheS ovens, I36fi593; 
coke made from coal-tar, y3 
Coke-oven gases, benzol from, 7®j*t55 
Benzol); ethyleliefrom, 157; illumirtat- 
ing-gaefr8hj 158 ; washiri|-oil frc«| 865 
Coke-ovdJ tar, quality, 1454 from^aiUgson 
bvensi 146; from ^on-Cawes gvens, 
147; lomOtto-Hil^nstocliqyens, 148; 
from IHpited-Ot*o ovens,, 151; from 
ovens, #51; gcntral^coniiiisions, 
154; statistics, results of %dj^ing 
it up, 946 


Coke-Ofvens, ammonia from, 1334, 1337,* 
condensing-apparatus for it, 1240^ im¬ 
provements in the prt^ess, 1243 
Cokmg in the distlllatioD of tar, 453 « 
Cokjhg-residue of coal-tar, estimation, 526; 

orpitch, 576 - 

Collidines, 297 

Colour of sulphate of amitKmia, 1485,15f4 
Columns <or rectifying benzol, etc. 

Stills 

Cilumns for laboratory use, 996 
Combustion gasef, ammonia from, 1254 
Combustion of gases from . ammonia 
satuotors, 1497 

Compressors for liquefying ammonia, 1394 
Condensed water from ammonia saturatws, 
1490 ^ 

Condensing-plant for tar and ammonia 
aonnected Vith coke-ovens, 138; for ’ 
tar-stills, 421' cooling-worms, 422; 

’ choice ^ metal for these, 423; cement 
for the joints, 425 ; various constructions 
of coolipg-apparatus, 426; receivers, 
428; separaiing-box, 428: store-tanks, 
430, montejus, 431; explosions, 431; 
treatment dC the escaping gases, 432 
For the ammonia from colgir-ovens, 1240 
Contact action for uniting nitrogen and 
hydrogen. See Catal|(zers 
Contact poisons, 1077, 1082 • • 

Continuous distillation of tar, 481 * 

Continuous saturation for sulplmte of 
ammonia, 1424 • # 

Coolers for benzol stills, 935 ; for am- 
fmoniacal vapours, 1382 
Cooftig-worms for tar-stills, 421 
Cori(!ines, 297 
Coumarone-re^n, 905 
Crackene, 264 

Cracking heavy tar-olls, 706 • 

Creoline, §58,773; analysis, 817 
creosote-oil. 451; us^e lor^washing crude 
anthnifene, 612; treatment lor the 
extraction,of phenols and napHtlftlene, 
647 ; pr<»erties, 648 ; comf osition, 648 ; 
re;$ult4ordiatHiation, 648 ; storing it ^ 
i 649; store-tanls,*650j veparmion of 

* naphthalene, 650; carriage, 651 

KedlstiU^lion, 851, 653; na|^thalene 
W oMs, 65a , • 

Cooling and ftparation of na^tfaalene, * 

* « • 

• Fractions obtained in redistUlatiocr 

. . 653 , . - * • . 

, • Special processes’for treating it, 6^; 
removing the pyriding baic& 654; re- 
(hoving th^smell, 655 ** , 

Antiseptic propertiei, 656: .JiamToc* 
ine^owdws, 6,7; tilixtures nlth Chloride 
oi>nc, *57 • 

, Emulsions, 6^2 ; cr|oUne, 6,8; iTaot, 

a • 
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660; similar preparations, 661; lyso- 
cresol, 65 i; lysoform, 661; lysosulphol, 

662; carbol-Iystfonn, 662 ; sapophenol, 

#62; Boleg’s emulsion with rosir oil, 

662 ; westrumite, 662 ; oilier emulsions, 

^ creosote oil, 663, 664; emulsions 
produced by sulphuric acid, 663 
Employment as a lubricant (cart- 
grease, etc.), 664; removal of the 
phenols, 665 

Employment for lifting, 666; con¬ 
struction of lamps, 6w>; lamp of Hart¬ 
mann and Lucke, 666; of Lyle and 
Hannay (ludgen light), 608 ; ^rubes 
oleo-vapour lamp, 671; Luther and 
Rose’s portable sunlight, 672 
Application of creosote oil as fuel, 672 ; 
advantages of it, 672 evaporating- 
power, 673; for raising steam, 674; 
conversion into a spray, 675 ; for smelt-^^ 
ing metals, 676; for fusing! metals in 
crucibles, 676; for chlorinating-roasting, 
677; for other metallurgical purposes, 
677; as fuel in explosion motors and in 
caloric engines, 678 
Application for pickling limber, 679; 
historicaKiiotes, 679; apparatus cm- 
- ployed, 681; difficulty caused by the 
moisture in tliei-timber, 682; apparatus 
eT Boulton* 683 ; various apparalu'?, 684 ; 
process of Rutgers, 685; modern evacu- 
atlng-processes, 686 ; RUping process, * 
(^36 ; varies apparatus, 688 ; special 
treatment of creosote oils for pickling « 
timber, 688,1602; advantages of creostl- 
ing timber, 689; experiences madfviith 
telegraph poles, 692; with railroad 
sleepers, 692; part playM by the naph¬ 
thalene in pickling timlier, 694 
Presefiptions concerning the quality of 
tar-oils, to be used for picking timtej, < 
695; by Alisn, ^6; by various works, 
6g6;^eport of Boulton, 697;tcjf Tidy, , 
695 ; of Abel, 701; tests {irescribed by 
him, 701 ;*lest^made at thaworks, 703 ; 
i^'specjJicatitfi for Pruss^h*raflrcifds,i703; 
in tne UlaSsd States, 704; testing^ 
meth^s, 705 

Dewmposilion of heai,^' tar-oils 
heat (fracking), 706*^ t • 

Application for the’“blue-steaming’i 
of bricks, 711 ^ • • < 

Various oilier appUcations,«7l2 « 

• Manufacture oj Rnipblark gr 

712 (ste Lam'pblack) ^ • 

• StatiVi^s ontcreosote-oil^ 7*3 

Creoseting timber, 679 (see €reo*ote oil) 
tIresoAhi, 809 * 

Cresofimentum, 808 
Crq^oline, 658 
Cresols, 274; iagmerU^ysols, 274 ; pro¬ 



perties, 273; comparison of pi^peifUet. 
with tbos^of carbotit add, 27{; ' 

mercial cresols, 772; composition, 773 }, 
properties, 773 ; poisonous and antisepUe. 
properties, 774; separation of the, 
isoperic cresols, 775; aesol obtained ! 
synthetically, 780; commercial pure 
cresol, 785; technical metacresol, 786 ' 
Reactions for distinguishing ^enot 
and cresols, 786 

Analytical methods. See Q|rbollc 
acid apflicaiions, analytical methods 
Commercial preparations made hrmn 
'Cresol. See Carbolic acid 
Crotonylene, 219 . 

Crude-benzol still, 886 
Cumanollack, 554 
Cumarone, 282 , 

Cumene, 236, 238 
Cyrnamidc. See Calcium caijbide 
Cyanides, use^^for the preparation of am¬ 
monia from nitrogen, 1113,1119; manu¬ 
facture from lime-nitrogen, 1140;' by 
means of titaniuit cyanonitride, 1143; 
formed in tHh black-ash manufacture, 
1147 ; determination, 1284 
Removal from ammoniacal liquor, 
1383; from amifonium sulphate, 1450 
Cyanogen compounds in (N)al-tar, 305; 

^mmonia from, I053 
Cyclopentadienc, 221 
Cylline, 808 
Cymene, 238 

Dahmenit, 851 
Decane, 210*' , 

De^dration of tar before^di^illing'it, 384 ; - 
ijy settling, 384; by centrifugalling, 
386; by heat, 388; by chemical methods, 

393. «8 • . *"■ 

Denaturing alcohol by coal-tar, 373 I hy 
benzols, toi5 «. 

Disinfecting mir^ures from coal-tar, jji ; 

from benzol, 1029 
Diaphtherin, SS9 « 

Diesei motors fed with tar, 349 
Dimeth;^lpjTidines, 2^ • • 

Dinsmore frocess, 31 y 
Dioxydiphenyl, 285, 

Dipheihrl, 249 » 

Diphenylenepxide, 284 
Diphenjftne sulphide, 289 
D^pel’s oil, 1162,116#, 1165 
Dirart sulphate process, I 2 j 5 *^ . 
Di^psernfflicting the men emnli^ed in the’.' 

pt^ification of anfhracene, 022 , * ;■ 

Distillafi«i, of ctal-tar, 374; jrijtorieali 
notes, 37.4; by steam, 384,4! napbth* 
ob^ed*38t; distjllation by 1%, Mti; 
A^ydration, 384.1598 (jfe 
working thorn) 
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of tar for the ^purpose of 
making illumi«ting-gas, 495; other 
methods of distilling tar* 498, 1599; 
removal from hot distillation gases, 1591; 
purificadon by treating with oxygen, 
159^; removal of ammonium salu be- 
V fore distillation, 396 * 

Distillation, fsactional, for testing com¬ 
mercial benzol, 958; French standard 
appaiatus, 958; English methotl, 960; 
uncertainties, 961; Lunge’s investiga¬ 
tion, 961; Bannow’s reptyt of the 
German committee, 964; vaiious pre¬ 
scriptions, 965; German standfrd 
method, 96^ 

Doerriie, 364,558 
Duodecane, 211 

EmpvreumaTJC substances, removal from 
ammonia^as, 1366 ^ 

Ethane, 209 ^ 

Ethylbenzene, 237 ; estimation, 993 
Ethylene, 212 • 

Ethylene from coke-flren gases, 157 
Ethylene series, 211 • 

Ethyltoluenes, 238 , * • 

Explosions in tar-iescrvoirs, 380; in 
condensing-apparntu^ of the stills, 431; 
in tar-stills, 447; in running off ike 
pit<h, 475 . 

Explosive mi}^tircs of l enzol and air, pVc- 
venting theii formation, 1008, .1009;* 
^afeiy-cxplosives raijnufacUired from 
nitro-derivatives of benzol hydroc.irbon^ 

103® • 

Ferric nitnSe 3^ catalyzer for the synthesis 
of ammonia, IT12 , • 

Ferrocyanide, determination^ 1280 ^ 

Filter-priSses for aulhra^nc, 39^ 

Filtering cooled anthracene oil, 594 ^1 

Fires in pitch-houses, 475 ; apparatus for 
preveming them, 47in localities for^' 
the treatment of mide benzol and 
naphtha, 884; means ftr extinguishing 
them, 884 • 

First runnings im tar-distilli%g,* 441 i de¬ 
scription, 866 ^testing fractional 
diftillation, 866 ^ chemical treatment 
sulphuric aSd, 869; wi^ alkali, 
871; mixing-apparatus, ^71; ^pq-ation 
of mixing, 876; with sulf)liurft«cid ,476 ; 
running offtheV'aste acid, 878; waafcing 
with 878; second alkalin^treat¬ 

ment,%79 ; colour of ?r«de beizoySo; 



wilh^itf 1'^*j**“*''* ''**''* , —— 

acid, #84; witfe ftilpl^r, 883; 
locality ior ih^t^emical trea^t of 
crude benzol, 884; extinction of fires, 


884; treatment of the wished naphtha, 
885; distillation, $86 
Working up into fmal products, 906; 
disUllation by steam, 906; En^sh 
stAm-stjUs, 907 (s/e Stills) 

FisHfng-box, 1468 
Fluoranthene, 258 
Fluorcne, 249, 625 
Fdrdiie, i#30 

Foimaldehyde, condensalion-producls with 
•phenol, 813 
Forsunka, 329 • 

Fractional distillation, nature of, 443 (see 
Distdlation) 

Fracliftis in tar-dislilling, 440; first frac¬ 
tion, 445; light oil, 445; carbolic oil, 
448 ; middle oil, 449; creofole oil, 450; 
anthracene oil, 451 ; end of the distilla¬ 
tion, 451; pitch, 453 this) < 

Fractions fiom benzol stilb, 916; French 

• style, 9^9 

Fraciionating-appatatus for laboratory 
testing, 994, 996 
Fuel, use of coal-tar as, 322 

Gartsherr»e process, 171 
Gas7liquor, use for the i^nufacture of 
ammonia, 1047 (s// Aram<miafal liquor) 
Gas-pioduccrs, lar ai|d ammonia from, 
167 ; Mond’s, 1217 ; Lymn’s, 1225* 
Gas-tar, production, 37 ; influence of*thc 
temperature on its quality, 38; differ- 
fiices among the tars fr«^ variou^raw 
materhdls, 41 ; working-temperatures at 
# various gas-works and tlieir influence 
on the quality of the tar, 42; influence 
of ihe shape of the retorts, 46 ; ck the 
pressure wkliin the retort, 47 ; of the 
quality of the coal, 48 ; of boghead, 
bituminous shales, canncln coals, 49 ; 
results*obtained by Bunte and other 

• observers, 50 

Yield bf tar frd!n the coal, 52 j pr<>* 
posafs f^r incieasing the qifcniity or 
improving the quality Inr in the 
ipani^aaut^^of coal-gas, 54 J recomo 
I of the lar siftp^dcd^i/the ^as, 50; 

• process of Pelouze and Audouin, 58 ; 
other apm^atiis for this purpc|», 59 

IkG^ses contained dn coal, 9; evolved in 
[j* distilling tar,®432, 439; escaping froinp 
, l^c saturators, 1406 

J abifyincproccssc^various, 1231 ' • 

asim 85a m • * ^ 

lis-^lumes, reduction to normal condi¬ 
tions, 1276 

Ous-voI^me|jpr, 1276 * •• • * 

Graphite recovered in the mangf^ttfriNof 
liiye-nit4>gen, n4D • , 

GtA(po, ^monium carbonate from, X05O t 
^ammonia fiom^jiCi^ 
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GumVnmomat, lt>43 

Hkap-COAL, workhig up by the Motid-gas 
OTOM!!, ini * 

Hating by burning coal-tar, 322 *■ 

Hemellithol, 237 ' 

H^tane, 210 
Heptylene, 214 • 

Heaaiie, 209 • 

Heiovlene, 221 

Hexylene, 214 i 

HOchst test for anlhracen;, 634 
Huile siddrale, 653 

Hydraulic preises for crude anthracene, 

598 *■ 

Hydrindene, 242 

Hydrocarbons from Pintsch gas, 66; from 
coal, 1587 

I Hydrochloric acid for decom) osing sodipm 
phenylate, 745 

Hydrogen, preparation, 1059,16^8, 1609; '’ 
transportation, 1609; mixtures of 
hydrogen and nitrogen, 1064 
Hydrogen sulphide, removal from liquor 
ammonise, 1358, 1361; from the satur¬ 
ator gases, 1503 , 

Hydrometer, use for the valuation of 
ammoniacai liquor, 1266 

IDRVJ., 258 «. * 

Illulninsting-gas from coke-ovens, 158; 
from coiu-tar, 316; Dinsmore process, 
3^; other processes, 319; opinions on 
the practical value of making illuminat¬ 
ing-gas from coal-tar, 495 t. 

Iroitfo-phenylnaphthyl, 640 » 

Indsfie, 240 ‘ 

Indicators for titrating ancmonia, 1273, 

1274 

Indol, 301 ( 

Inert gases, distilling the tar in (i current 
of them, 468 *' 

Iridium as catafyaer for the syntj^esis of 
amntotsa, 1090 

Iron for tar-ifills, 397. 564; atalyaer 
Jar the syntheste of apipohiaj 1085; 
*1200 nssels ^r amntpniacal liquor, 13I4 ; | 
protection, 138^ * 

Kalkstic 5 toff, 1129 i ^ 

,Kiaerite,< use for treating* amraoniacaFJ 
liquor, 133* , , 

Wton, 351, 367 • 

Kresosteiil, 8ri „ 

KteJulfol, 810 ... ' »4 

%anoI, 292 , 

UtlirntACK, 373 , 610, 625; mantifacture, 

, 712;.various qualities, 713^ furnaces, 
7131 processes of working; for I aot,y, 5; 
improvements, 717; ^arious apparatus, 


718; defiling with the smoke 
from the apparatus,^l8; api^aitieigljf 
719; caldiftngapparatus,Jgo; prt^r^^ 
722 - 

Manufacture from benzol, 1028 . . 
Lamps for creosote-oil, 666 (lu this),; fdr 
beifiiol and naphtha, 1017,1019, leil !<' 
Leucoline, 299 » . . „ 

Lice, extermination by benzol, 1029 ■■ • - 

Light oil, production in distilling tar,.4451 
854; properties, 854; compositiot^^; 
applications as sudi, 856; for the mntP' . 
facture of benzoic acid, 856; tratment' 
with phosphoric acid, 857; working up 
the light oil, 857; distillation, 857 j * 
stills, 858; working the stills, 8J9; ' 
fractions, 860; English style, 861; French * 
style, 862; German style, 863; yields 
of commercial products in working it up, 
^5; testing methods for jt, 956 f pro- 
ouciion from carbonaceous substances, 
1588 « 

•Light-oil naphtha, 866 (see First runnings) 
Lime, use for exp^ling the ammonia, 
1336; preparation of milk-of-lime, 1339 
Lime-mud j|rom''ammonia stills, 1491 
Lime-nitrogen, iee Calcium carbide and 
Cyanamide „ 

Liming the coa] in gas-making, 1200 
Lionor ammonia:. See Ammoniacai liquor 
Lofality for treating benzol and naphtha, 

, 884,1007 s - 

Lucian lamp, 668 
Lutioines, 296 

Lymn gas-producer, 1223,1229,122;^ <328 
Lymn gas washer, 1224^ 

Lysoform, 661 
LysOLresol, 661 ' 

Lysol, 660, 773, l6oi • 

'i-ysopast,'3l3' ^ • 

I Lysosulphol, 662 

Macadam pavement made with Ur- 
' varnishes, 559 ' 

Magnesia, use f8r driving ogt the ammonia 
from,its salts, 1270,1341 
Magnesiuin, nitride as catalyner for the 
synthesis ammoniaf)ioo 
Massud, 191, 329 
Merraptans, 290 ' 

MesijylfSie, 23^ 

Metthaiin^Sio 
Metj^e, 208 c 

Methwe series.of hydrocarUbffi found'in 
tantzoj 

Metfylantlyacenes, 235,640 
Methylcunarones, 283 ' 

Methylethylkgtone, 266^ 

Methyli^dcnss, 2i}3 . • 

MetUnaphthalenes, 3,^ 

Methyl^rrols, J05 * 
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M 300 

MethyltOK^en, 2|8 
Micrc^^ action of benzol on,*1029 
Microsol, 810 

Middle oil, 449, 724 Carbolic oil); 
e:^ination, 781 

Mizing-i essels for carbolic oil and llkali, 
738; for chemical treatment of 
naphtha, 871 

Molasses, recovery of ammonia in working 
ity, 1149 

Montf gas-process, 1213,1219, J22i, 1222 
Montejus for tar-distillates, 431 
Moor-lands, ammonia from, 1169 • 

* Motors and rnotor cars, driving liy benzol, 
1027 • 

. Moulds for the pitch, 478,480 


Naphtha [set 


Solvent-naphtha and 
obtained by 


distillaliofTof tar, 382 ; bj distilling l^ht ^itre-bed|, Chilian, exhaustion, V048 


oil, 861 

Complete separation into pure benzene,* 
toluene, xylene, e)^, 922; composition 
and properties of comflercial naphtha, 

948 . ' * 

Practical tests for final products, 994, 
998,1000,1004,100^ 

Pecuniary valuation, 1903 
Naphthalene, 243 ; discovery, 243 ; forma¬ 
tion, 243; Dtoperties, 243, 1596;^- 
moval from coal-g.is by means of ♦! 
anthracene oil, 607; part played by it 
in the cicosoting of timlier, 694 
Obtaining it by cooling down carbolic 
oil,^^^om rreosote §il, 651, 653; 
in variouWa]js, 524 
Estimation in mii^le oils, 781 * 

Crude napVthalene, 82^ purificalion. 
825 ; dWd and h«t prgssiTO, ; other 
methods for removing^ the oils, 827, J 
1605; chemical purification of the pressed*^ 


naphthalene, 828; by caustic-soda solu¬ 
tion, 828; by sulpnuric acid, 828 ;* 
methods for^ preventing the reddening 
of naphthalene, 830; special pveesses 
for purifying naphthalene, 8;^* 
Distillation A napbthsflppe, 832; 
da^er of,choking up, 833; safety- 
vflfe, 833; courS of dislillatifn, 834; 
applications of distilled naj^hthalfne|834; 
reoystallization, 835 •• 

Me 


amination of Qaphtbaknen 040; 
Iying“point,*8^; tes^ 0", 841; 
l^acid tvt, 841; ^est for con- 
y of coloar^4i; for f^hemds, 841; 
/oT' quii^line f^es, 842 ; f(^ y ther 
h)^rocarDons, 84/; qujjilative test for 


naphthalene, 843; quan^Utlve estima¬ 
tion, 843; by picric add, 842,1606 
Applications, 844; ns fuel, 844 j ’for 
the manufacture of colours, 844; Jor 
calburetiinggas, 845; albo-carbon light, 
8^; similar apparatus, 847.; fordriung* 
ps-moiors, 848; as disinfectant and 
insect-killer, 849; combination wilh 
sulphurf 850; various other uses of 
naphthalene, 850, 1606; statistics, 852, 
#1606 ; removal from coal-gas, 1015 
Naphthalene dih;^ride, 245 
Naphthalene oil, 652 
Naphthalene telrahydride, 246 
Naphthenes, 214, 239 
Naphthofuran, 284 
Naphthols, 279 
Nigro-powder, 1030 
NUragin, 104^$ 

Nilraling-iest for crude benzol, 975 


Nitre-cake, use for the manufacture/)! 

ammonium sulphate, 1614 
Nitric acid, manufacture from ammonia, 

1332 

Nitrides, production of ammonia from, 
1095 » tise as catalyzers, 1005 
Nitrogen, atmosphctic, use (or the produc¬ 
tion of ammonia, 104J, 1053} 1608 
Isolation by chemical pnDcesses,*o55, 
1607,1608; by physical methods, id^6; 
fractional distillation of liquefied air, 

1057 • # 

Madbfailurc of ammonia from it, and 
I hydrogen 01 steam by means cata- 
l^rs, 1065 ; laboratoty investigations, 
10*^5; process of Halwr, 1070 P> hit 
patents, ; patents of the Badische, 
1076, 1079; other processes, 1085 
Percentage in coal, ii84#estlmatlOD, 
1185 # 

^Nitrogen oxides and nitrat|of soda, forma¬ 
tion aiftmonia fr^m them, 1145 
Nitrum, 104^ • • 

Nonane, 2 U) . • 

N 090 n^ 2 ll, 4 t 22 * 

k Noxious vapoursf e))plved,i/ tar-dtstilling^ 

'• 43 J ,477 

Nuisance fegm ammonia-works,^evention 

m if, 1489 , • 

r* ^ m • 


crvstainzation, 035 . ! ► • * 

Moulding naphthalene into sticks, Qil-OAS process, emtaining tar and ta^ 
obet, ftwder, etc., 835; sublimation ^roductiin it, * • • 

na^tnalene, 836 *• • *_ ^ CTefira, 2i» • • 


Oleic add, use for washing cnide anthrt- 

^lie, J15, •• • 

Oleo-vapour lamp, 671 

OxT^zhutpe, 10311 

jbina^ptol, 809 
Oyphenols, 278 ^ 
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Pailadium catalyzer for the synthesis 
of ammonia, io8; 

Pantopollite, 851 
Paiachrysene, s6j* 

ParaSenes, 314 ( 

Pamffin in coal-tar, 2II; removal !rom 
(Tude anthracene, 614; estimatitm, 641, 
♦649; in crude tenzol and naphtha, 972; 
suljphonation method, 972 < 

Paraffin oils, tar obtained by superheating 
them, 187; use for wasinng crude 
anthracene, 615 r 
Paranthracene, 254, 355 
Parvolines, 297 

Patent-fuel (briquettes), 360; mJnufac- 
ture from pitch, 539; historical, 539; 
statistics, 540; raw material, 542; 
quality of the pitch for it, 542, 1600; 
properties of good bri((,icttcs, 54,4; 
briquette-moulding-mac hirres (presses), 
545, 1601; applicirtion of titq. pilch as-' 
{lust, 1600; testing the quality of 
briquettes, 548 
Peat, ammonia from it, 1168 
Pentane, 209 

Perkeo, 885 1 

Petroleum ojls, use in the end of tnr- 
disfillation, 470 

Petroleum residues^ tar obtained by super¬ 
heating them, 187 ; buriring as fuel, 329 
Petroleum-spirit, use lor trashing crude 
anthracene, 612; discorery in crude 
bqpzol, 973 ■ 

PBenanthrerre, 25C ; recovery fron^ rolveirt- 
naphjha, 611; preparation, 624 ; irsei, 
626; estimation, 643 ; discovery, 64% 
PheiBtnthrene hydrides, 258 ‘ 

Phenol,, discovery, 266; oscurrerree and 
formation, 266; synthetical production, 
267 ; proj^arties, 268 ; specific gravities, 
269; solubilities, 269; sra*)l, 270 ; 
taste, 270; j^oisonous and coagrilating^ 
action, 271; reddening, 271^ rq.tclions, 
2734 idfinily to bases, 273 ; ^olul ility in 
sulphuric a<d, 273 ; .action oinitric acid, 
t*T 3 ; acidic properties, leqf * , , 

Hitler pSeqols i«tcoV-tar, 278 I 
Commercial forms. See Carbolic add* 
Manplicture. .SccOarb^ acid 
Estimation of the ishencjs in carb«lic 4 
oil, 78^; of the solidi^ing-point. 782 
in carbolic soap, etc., 815; gi light,oil,' 
957 ' , 

tPhenol, coRrmerflS! crrule, 78r;4 
oystallized, 785 • r * *# 

^ Testing methqds. ,S>c Carbolic acid 
*■ Prtenolftn waste liquor fijpm ^rnmoifia 
(stills, 493 • 

Phenols, 606 
Phenolilh, 812 
Pherftpast, 8j3 


I 

Phenosalyh^io 
Phenostaf, 8y 
Phenylmeth^etone, 266 
Phenylnaphthalenea, 347 
Phenylnaphthylcartezol, 307 

Picene, 262 
Picene hydrides, 263 ■ 

Pickling timber by creosote «il (ice this) - 
Picolinc, 295, 904 . ' 

Pintsch gas, tar from, 65 
Pitch, m,inulacture from tar withoatdis- 
tillation ,|368 ; formation in the diliilta- 
tion, 451, 455 ; distilling soft to hard 
filch in a special still, 453; running it- 
off, 458; softening the pitch in the still, 
469; by me,ans of petroleum oils or 
other oils, 470; running off the hard 
pitch, 471 (ice Pitch-haga, etc.); into 
motdds, 478,4S0 

^Nature of coal-tar pitch,^3I; forma¬ 
tion, 532 ; elementary composition, 533 * 
solubility, 53l 535 ; general properties, 
hard and soft pitch, 534 ; specific gravity, 
534 ; softening- aiBfr fusing-points, 534 ■ 
elementary dSmposiiion, 535; other 
propcrtien of hard pilch, 536; grinding 
pilch, 1600 

Appal atiis for ]^ch-revi\ ifyiiig (soften- 
iog), 537 : applications of pitch; 539; 
lyaiiufiicture of patent fuef, 539 (j« this) 

Purification by extraction with sol- 

* vents, 553 

Distillrdon for coke, 564; pitch-ovens, 

, 505; apparatus of Fenner and Vers- 
maim, 567; distillaiioii for 4 inthi%cene, 
570; other^lrocesses,,S7I, ifiqi; quality 
of pitch-coke, 571; use jaf it" for electric 
canions, 57<i, i6o% 

, Use of i', 4 ch as reduSng agent, 573; 

for varTous piiiposft, 573; !5r lamp- 
a black, 573 

Disease caused by pitch (pilch-cancer), 

* 574 . , • ■ 

Testing of pitch, 575; estimalioifof 
specific gravity, 575; a free carbon, 
575 »'Oj coking-residue, 576; of soften¬ 
ing- or nBlling.point, 576'testing the 
consistQpi|7 of bituminous binders m tlie 
asphalt-paying inckstry, . 581; t&ing 
for Viscosity, 582^ estimation 
bit^imriious lubstances, 582; other tests 
oi»piloh*584 

•Distinction between'coal-yr pitch ai(d 
otlmr descrijhions of pitch M^sphaH,,; 
5 ^i *istinct 4 on from natui^aspbi^ 

StallSlici on pitch, 588 
Pitch-cancer,4!oi, 598 • 

Pitch-lMJs, 4J4 • 

Pitc^yi^imbers, 473 , 

Pitch-cooler, 473,473' 
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Pitch-hBlcj, 474 • 

Pitch-house, 47* ;«exi)losions or hres in 
these, 47 S % 

"itch-oven, 472 

Poisonous properties of coal-Ur, $14;^ of 
pit^, 57 . 4 ) 598 

Potash, caustic, use for purification oW’iude 
anthracene, ii8 
Prepared, tar, 549 

Presses, for crude anthracene, 398; for 
naphthalene, 826 

Pres^re-regulator for naphtha slillp, 331 
Producer-gas, ammonia Irom, 1207, 1231, 

1352 • 

Products frorn coal-tar, synops'is, 1035 
Piopane, 209* 

Propylene, 212 
Pseudocumerie, 237 
Pseudophenanthrenc, 258 
Pumping oLroal-tar, 380 
Pyrene, 257 ** 

Pyridine, 293; use foi tiiidc 

anthracene, 615 ; rules foi the pyiidiiK* 
bases for denaturitjgt spiiit of VNinc, 902 ; 
in amrnoniacal liquor, fl|86 
Pyridine bases from creosote oil, 634; 
from carbolic oil, 740; (.ruination in 
miAlle oil, 784; jecoveiy Irorn the 
chemicals used in \v*hing naphtha. 876; 
from anil-tar, 893 

Distillation of crude pyridine, 1%9; 
isolation ^ the vaiious l^scs, 899*,# 
recovery of pyridine bases^om ciude 
ammoniacal liquor, 900 
^urifit^tion of pyridine, 9':o ^ 

^nai^^l methods for^&yiidine bases, 
900; aj^yftations, 615, 903; cs'imation 
in commercial benzol, 98^; in amiioni- 
acal liquor, it86 * 1 

Pyridin<?«ciies, 29>, 90a * • • 

Pyridine-sulphuric acid, 897 
Pyrites-acid for sulphate of ammonia, 1465, 
1466 • 

Pyrocresols, 277 • * 

Pyrrol, 304 * • 


[^o< 4 ng-fe]t manufacture, 353 
Rojiert-Oel, 844 


Quarri'IE 4 366 

yuinaldines, 299% 
Quilfciline, 209,904 
Qmdbline sCTies, 






Ra-ILKOAD sleepers, pick 1 iiig»Uieiil,will> J 
creosote oil, 69^ ^ 

Receiv#rs%# tar-stills, 428; for ammoni- 
acal#Purs, 1382 *, , • 

Refill^ tar, 549, 1601 ; testing its a ffality,' 

550J * * .* 

w * . % ✓ 

Ivifyine hardfitch, 537 •. 

Rhodm,8fa • , 


550. 

Resin 


Rhodium as fatalyzer for Ae syntblw of 
ammonia, 1090 
Roads, tarring of, 361 
Roburitc, 1030 
Ro * 

Rr* 

Rosin-oil emiiisionb with creosote oil, 6I2 
Rosolic arid, 280; discovciy, 280; foimo- 
tion, 280 ' 

Rubidine, 297 

Ruthenium as catalyzer foi the synthesis 
of ammonia, 1^7, 1090 

Safi-tv-valve foi tur-stills, 416, 448; for 
najAihalenc-Rlids. 833 ; for ammonia- 
siills, 1343 

Sal-animonuic, historical notes on, 1041 ; 
properties, 1312 ('<v Ammonium chlor- 
^ide); ni^iul.uiuie (tcc Animoriiunm 
chloj ide) 

^‘hdul'rin. 850 

' Sample -lot testing lual-lar, way of la^g 
tiu in, 520 w 

San.'U)l)sc, 810 
Sapo« aihol, 658, OOo 
Sapoplicm<U6<)2 
Saprol. 810 

Saturation for auiinoniiif 1268 
Saiuraittrs foi suljihaic of ammonia, 1463 ; 
qualiiy of I he i-ulphiftic aqjd, 1464,^1614; 
Minoiis loinis of saturalort, 1467; tiuis- 
ance auiscd Ly the gases and vapours 
from tbem. ; forq^juslion ^ the 
gasc|^497; iiulization for promicsng 
0 bulphuiK acid, I499 
ScQichUck, ammonia fioni, 1167 ^ 

Sevfage, lecovery of ammonia froni,|fl54; 

working fas sulpliate oi ammonia, 1458 
Shale, recovering ammonia in its distilla¬ 
tion, 1182 ' - 

Shalc-oi^in crude benzol, tesnng for, 972 
Silicon nitride for the production of am¬ 
monia, K)96 • * 

SoldeAig metals by means of 1029 

Solidifyin^point of ciudc ^enol, methods 
for ascAta^ring it, 782 
Scilutifl, 809 • ^ 

Solvent-naphtha, used for .washing cru^5 
^ anthra^c, 60^; treatmentiif the us^ 

4 ^naphtha 8y redistilling, 6107 obtaining i 
J* it in fraTtiwating crude benzol, 91^ 

•1 commemal qualities, 920; composito, 

^ 920; uses, 921 # * 

^Solveol,^o9 • , 

LJSoo^ 373\ manufaiture (w Lampblack) 
Sozal, 809. 

^ozojodol, |og 
Spccifi* graviti 


Specific gravities, tables for 
wmaletemperature, 1583; foicompar* 
\g the degrees of various bydrOTeten, 

^84 - ^ 





INDEXES 


Spee&; gravkies of tar<Jlls, reducing 
them to the ordinary temperature, 441; 
of tar, way of estimating it, 520; esti¬ 
mation of pitch lor it, $75 
SpSnt oxide of gas-works, ammonia from, 
X2o6 ; estimation for ammonia, isgd- 
Spfay producers for burning tar, 338; for 
• burning creosote oil, 675 
Standard add for titrating ammenia, 1273 
Steam, use for promoting the distillation 
of tar, 437; application of superheated 
steam in the last stage, 455; drying 
the steam, 457, 462, 568; use for 
increasing the yield of ammonia in 
gasifying coal, 1203,1207 (•- 

Steam-pipes for tar-stiils, 418 
Sterilizing by benzol, toluol, etc., 1029 
Stills for tar (sii Tar-stills); for naphtha¬ 
lene, 832; for light oil, 85S; for c^e 
benzol, 886; steam-stills for light 
naphtha, 907; Ktiglish stills, 907;' 

t imilar stills, 910; working the stills, 
ii ; TCCeivers, 913; fractionation, 914; 
self-acting control of it, 916; fractions 
obtained, 916; French process, 919 
Stills for complete separatior of naphtha 
into pure benzene, toluene, xylene, etc., 
Coupier's, ; Vedle’s, 926; Savalle’s, 
927; Heckmann’s, 934; various, 934; 
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rar-stills, continuously working apparatus,. 
481; (Mallet, 481; Vohl, 48IJ variOMS, 
et83; Leffnard, 483; Mason, 487 j' 
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CHAPTER XVII 

OTHER TECHNICALLY IMPORTANT AMMONIUM SALTS 
'1 

Ammonium Chloride (Sal-ammoniac>. 

Proptrties, supra, p. 1312.—This salt formerly came from Egypt,- 
and from the thirteenth century till late into the eighteenth this 
was the only source of ammonium salts available in Europe 
(apart from the use of putrefied urine in dyeing, etc.). In Egypt 
sal-ammoniac was made as a by-product in utilizing dried camels’. 
■ dun^ for fuel. The food of the camels to a great extent consists of 
plants containing a large amount of salt, and their uMne contains 
some %mmonium chloride ready formed. The principal portion 
is, however, only produced from the nitrogenous substances and 
the chlorides when burning the camels’^dung dried in the sun. 
The soot form'ed in burning was carefully collected and subjected 
to sublimation in special factories (one of which, iij, the delta of 
the Nile, was visited by the Jesuit Sicard in 1720). Forty lb. 
of soot are said to h?ve yielded about 6 lb. of sal-ammoniac. 

In other coup.tries, where dried dung iscalso used as fuel, it ,• 
has'neen soipetimes attempted to manufacture sal-ammoniaicby . 
mjxing common salt with the dung before burning it, and- 
collecting {he soot. This manufacture'does not, however, .«eem 
ever to have had. any considerable extension„e?tcept in India, 
Whence large quantities ,‘of sal-amrnoniac were formerly 
exported.'. , *■ <• . <• 

In Europe sal-?mmoniac is saM tq have been first obtainjt} 
By the destructive distillation of oil-caife(a remarkably wasteful ‘ 
process!) and froqi ‘the soot formed in the burning of coal. 

. 'A detailed account of the manufacttiring processe^lfu-uieriy used in 
Egypt and India for making sal-ammohiac is contained in ChemiHrj 
a^lUd *0 the ^rts and Manufactures, Londlm (Mackenzie), i., p. 188.', \ 
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The first sal-ammoniac factory in Gormany was that of the 
.brothers Gravenhorst at firunswick, founded in 1759. I” Scot¬ 
land it seems to have been first manufactured about 1750, in 
■France by Baum^. 

■ The present manufacture of ammonium chloride is carried 
on in various ways—either by direct saturation of gas-liquor or 
similar air moniacal liquids from the manufacture of bone- 
jcharcoal, or from putrefying urine) with hydrochloric acid, or 
by decomposing ammonium sulphate with sodium chloride, 
or by passing ammonia vapour into hydrochloric acid. 

At some English works sal-amraoniac*is still made by direct 
saturation of gas-liquor with hydrochloric acid, mechanically 
agitated. The escaping noxious gases are conveyed into the 
boiler-fire and burned. ’The faintly acid solution is left to 
settle; ■ in three or four days the tar h_as separated out at the 
bottom of the vessel. Sqmetimes it is necessary to pass the 
liquid through canvas filters. The solution of ammonium 
chloride, still dark brown, is evaporated by direct fire in iron 
pans, and is always kept neutrai or faintly alkaline by means of 
a little lime, ohalk, or ammoniacal liquor. During the evapora¬ 
tion tarry oils are again separated, and are skimmed off along 
with a little ferric oxide. The vapoury bught to be condensed, 
as they cause a considffrable nuisance. When the liquor has 
attained the required strength, it is run into tubs 8 "ft. wide and 

ft. deep, where the crystallizatioif is finished in eight or ten 
days. Every six or eight hours it is stirred up in order to get 
small cry.stals, which are better for subliming. Finally, the 
mother-liquor is run off by a plug-hole in the^l^ottom, which is* 
best made to* slope to one, side. This way of proceedhig 
requires an excessive quantity of fuel for concentrating iSie weak 
llquorj^ . ’ ’ 

More rationa] jis the plan nowaday^ follojved,,where the 
concentrated solution of *ammo8ium»,carbo,nat(5 and. sulphide, 
obtained by orfe of the apparatus dfspr^bed in Ghapter XV., is 
«tixed with hydrochloric acid wi a vessel line^d with lead and 
provided "with a pjpe for«carrying aw^’ the vapours, irt such^ 
manner that both liquids a'un in at the same'time, and that a 
gearly neu^raj,“ljpt faintly aci^,Jiquid is formed,* It is well in, 
preparing the coticentrated. ammoniacal Ijfluor to remove the 
(flirbon dioxide as.muqh as’pessible in.order to get rid o^the 
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troublesome effervescence in the process of saturation. Towards 
the end of the operation the temperature rises considerably, and ■ 
there is much more danger of arfimonia being carried away ty, 
the vapours, which must, of course, be dealt with in the ordinaryi^ 
manner to destroy the hydrogen sulphide {cf. pp. 1496 et rrj.X 
When the vessel is full, Jthe supply is stopped, and the liquor is' 
concentrated by a steam-coil up tq the crystallizing point The 
crystallization takes place in vessels lined with lead and the 
crystals turn out quite white, if made from sewage. ' As -very 
large crystals are not liked in trade, the contents of the 
crystallizers are stirred up two or three times a day. Naturally 
the size of the crystals also depends to a great extent on the 
concentration of t|ie solution, Where a solution of ammonium 
chloride is boiled down in iron ve.'stls, as is sometimes done 
(especially in England) in order to allow of direct firing and to 
economize fuel, the liquid must always be kept alkaline, and 
the loss of ammonia occurring during the evaporation by the 
dissociation of a little ammonium chloride must always be 
made up. If the liquid once bpcomes acid, it quickly dissolves 
iroii in the form of fcrrg-ammonium chloride, »which is not 
decomposed by an excess of ammonia. Evaporation in lead is 
deattr, but much safer* ^f any contamination with iron is to be 
avoided. Even metal taps must be daspensed with, and mu.st 
be replaced .by indiarubber tubin*g and pinchcocks. 

R. W. Hilgenstock {Amtr. Gas Light /., 1906, pp. 849 et seqi) 
treats weak liquor in thp usual manner, first by'steam, then by 
lime, and absorbs the gasds in tvater to yield a strong, pure” 
■ solution of ammonia. This is run into nq^tralizing tanks, made 
ofcwood with a'lining of hard-,burned efinkere, joined by a 
mortar *made« of sulplyir and glass-dust, with two inlet pipesr^ 
Xfoi* concentrated ammoniacal liqupr and hydrochloric acid) 
reaching' nfarly^down to the bottom^ made of hard rubber, and 
a paddle for mixing tjje liquids A wtroden stack with a steam;, 
jet draws off the noxioys vapours into the chimney stack or into 
a sulphur recovery apparatus., The inlbt valves are regulated,' 
in suqh manner that the solutiod is ^ways acid; but'when the 
‘^tank is almost full, the acid valve is closed and more ammonia 
, liquor is run ift'until,a sample, tpst&d wkh meth^l-ofange, shot^it 
a clear “ wine-yellow ” colour. The liquor' is «now drawn off ,bj(; 
.mfcans of a rubber hose into a v^o^den tank,^ where it is mix^s 
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'ivith the mother-liquor from the cryatallizing tanks, being 
iWays kept slightly alkaline, to avoid action on the pumps and 
coils in the concentrating vats* These are made of wood, lined 
with hard-burned clinkers laid in best Portland cement, with a 
leaden or cast-iron steam-coil, with a cover and elbow pipe, 
leading to a coke scrubber for removing the smelling gases, of 
which the pyridine is especially troublesome. The evaporation 
is continued until the solution is saturated at ioo°, which is 
recognized by a white skin forming on the top. Th& liquor, 
after remaining at rest for a little while, in order to deposit 
impurities, is'run into the filter-tanks, made of pitch-pine, with 
a false bottom, on which boneblqpk of different sizes is packed, 
with a filter tloth on the top, and % small ste»m-coil to prevent 
crystallization within the filter itself. The filtered liquor is run 
into wooden crystallizing tanks, fitted with wooden sticks to 
which the crystals adher^; the crystallization is complete in 
five or six days. The crystals are drained in a centrifugal 
extractor (the druntof which is made of copper) and afterwards 
(with continuous turning over)jDn a drying table, consisting of 
glazed terra-®otta tiles on small briqjr pier.s, heated by exhrfust 
steam from the coils in the concentrating-pans. 

The sheds, where the' evaporation* and crystallization is 
carried on, should not be built of iron, upon which the vapours 
of ammonium chloride have a*destructive action, but of wood or 
concrete. The store tank for the concentrated ammoniacal 
liquor should l?e protected by a tar pajnt; wfierever possible, it 
should be placed outside the shed.* The store tanks for hydro¬ 
chloric acid -can be .made of wooden tubs, lined with guttae 
percha, or, preferafily, of stqneware. Wooden tubs provided 
with an acid-proof asphalt lining are. also emploj'ed. but in ' 
many cases .have fmled answer their purpose. • * 

Tlie manufacture of ammonium chloride from ^mmoniacal 
liquor can also be carried out in*^a jimilar^ way as that of 
ammonium sulphate, i.e., allowing the^ aqueous vapour to distil 
off during the saturation. .Thij is done, e.g. liy Carl Francke, at’ 
Bremen, *in the following wdy;—The |[as coming out .of the. 
ammonia still, which cogtains a great’deal of steam, is partly 
dahydrateS in^^reflux<oole‘r/n}d is then passed ihtd a stoneware 
saturator, chargSd with hydrochloric acid^of sp. gr. i i. The 
gas enters below the sur^qp of the,acid where the NHj is* 
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retained, whilst HjS and COj go away; the exit gases,aig] 
treated exactly as described in the case of ammonium suljliat^l 
supra, pp, 1496 et seq. ■ When tiie liquid in the saturator has,! 
been nearly saturated, it consists of a solution of about 25 p^f 
cent NH^Cl, which is concentrated in pans, made of wood' 
lined with lead and hqated by lead steam-coils lying at the^ 
bottom. When a skin of sal-amn^pniac is forming at the surface,, 
the concentrated liquor is run into another pan, made of brick- .*' 
work lined with lead, where it is evaporated up to crystallizatiorK’ 
by means of fire gases or steam. The solid ammonium chloride,f 
forming here, is thrown by means of wooden scoops on to an 
inclined draining stage, placed at such an elevation that the ' 
mother-liquor can run back, into the pan, and is further dried 
by centrifugalling. The sal-ammonidc obtained in this way, or 
by any other direct process, is certainly never a pure product. 

Beimann (B. P. 9358,1911) produces ammonium chloride 
from the crude gas by fractional saturation. The first con-,, 
densate is always richer in ammonium fchloride than those 
following it, and is put back into the still or the coke-scrubber. 

'Barnick [Ckmhche Apparaiur, 1915, p. 33)ndescribes the 
manufacture of ammonium qhloride from ammoniacal liquor, 
without adducing any hew matter. 

Strommenger {Z. angew. C^em., "1914, i., p. 518) makes 
a similar description. His apparatus is supplied by the 
Berlin-Anhaltisc^e-Maschifienbau Aktien-Gesellschaft, Kdkj-. 
Bayenthal, .which has taken out Ger. Ps. 271421 and appl. 
St.i8522 for the preparation of ammonium chloride. So ha*;’ 

' Hinselmann, P. appl. H63772. .>. 'i 

' Manufacture of Ammonium Chloride from the Sulphate.-^ 
For thi^ piirpbse a concentrated solution of the latter is mixei 
with an equivalent quantity of common skit, and*the whole is 
well agitated and bailed down, dqring whic|i process mono- 
hydrated sodium suJphjie is precipitated and ammosiura 
chloride remains jn'3(^,utipn: 

(NH5)jSOV2NaCI 4 NigSOi+sNHp. 

* * 

... The sodium^ Sulphate is fished out with perforated spades, 
and drained op copper plates, the liquor always running b^;., 
into the pan. ThCoSalt is washed, with a IStle water., fbp, 
evaporation is continued until noeabre coarse„crystals fell dowi|'' 
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and the liquid begins to^be covered with an opalescent pellicle 
.;Of salt, which shows that the sodium sulphate is nearly all 
removed. The liquid is now Allowed to cool in leaden vessels; 
and the crystallizing ammonium chloride is first washed with a 
"solution of the pure salt, then with pure water. 

Naumann (E P. 654, of 1908; Fr. P. 378445, of 1907; Ger. 
P. 196260), instead of employing molecular proportions of 
ammonium sulphate and sodium chloride, uses an excess of the 
i?atter; in this case, on cooling, the ammonium chloride 
crystallizes out free from sulphate. The hot final solution 
should contain less than 75 parts of NH'^Cl to every 100 parts 
of water. Example: Dissolve So parts ammonium sulphate in 
100 water ix 70“ C. or above, add 15 sodium chloride with 
agitation, digest for an hour or two, decant the liquor from any 
residue, and set to cool, when NHjCl, free from sulphate, will 
be separated. To the mpther-liquor add ammonium sulphate 
■ and repeat the process with further addition of sodium chloride. 

Freeth and CocSsedge (B. P. 26263, 19^91 P’’- 414682; 

U.S. P. 970909) mix equivalent quantities of ammonium sulphate 
and sodium ehloride at about 103° iwilh just enough water to 
obtain a saturated solution of anynonium chloride and sodium 
sulphate; the NaCl is completely decomposed, and on cooling 
down to 30°, ammoniifm chjpride crystallizes out, free from 
sodium sulphate, if before the refrigeration a little water or 
solution of amtyonium chloride (l#ss than ^ per cent, of the 
total volume) has been added. P'or that purpose ordinary brine 
may be employed. According to the B. P. 86, of 1910 (Ger. P. 
226108; U.S. P. 1045696) of the same inventors,pure ammoniunf 
chloride is obtained by agitating, at about 103°, 97 parts 
' ammonium sulphate, 86 sodium chloride, and *106 water fw ‘ 
..aboui; an hour, anfl filtering at the same temperature ;* tile 
mother-liqqor, qft;pr addiqg 6 parts of jvater.or ammonium- 
chloride solution, is cobled down»,to» 30°, Jo separate the 
ammonium chforide. ,.«•,* . 

Nouvelle (Fr. P. 40881^) noutralizes sodiuy bisulphate with 
Ammonia* allows, any normal sodium sulphate formed to 
crystallize out, and tre^s the solution with* sodium chloride. 
ARHUthe an^rnqnium (Aloridp thus formed the podium sulphate 
separated by flPactional csystellization. , 

Th. Schmidtbjrn (U.S. 330 iS 5 ) alecomposes ammqntum 
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sulphate and potassiuhi chloride intct potassium sulphate and 
ammonium chloride. He descries his process as follows:'*—. 
In a lead-lined tub, with false bottom and agitating-gear, ajs; 
tons ammonium sulphate are dissolved in water or in the 
washings of potassium sulphate up to sp. gr,=7i°Tw. The’', 
liquor is heated to boiling, and the exactly equivalent quantity 
of potassium chloride is put in, with constant agitation.. The 
boiling is continued for another ten minutes; the liquor is' 
allowed' to settle for half an hour, and is then run off. The'’ 
potassium sulphate for the most pah remains behind on the 
false bottom, and can'be freed from ammonium salts down to 
} per cent, by washing. Thus 70 per cent, of the total potassium 
sulphate are recovered. Thre washings are used for making a 
fresh solution of ammonium sulphate. The hot liquor on<ooling 
deposits more potassium sulphate, and a further quantity on 
concentration. By a second concentration and cooling down, 
a mixture of salts is obtained in two distinct layers: the upper 
three-fifths consisting of 94 per cent, ammonium chloride, with 
6 per cent, potassium and sodium sulphate and sodium chloride; 
the lower two-fifths consisting of 78 per cent, ammonium 
chloride and 22 per cent, potassium sulphate. The upper layer 
can be converted into 98 or 99 per cent, ammonium chloride 
by mere washing; the .lower by {ecrysfallizing. For the latter 
object* the salt is suspended in perforated trays in boiling liquor, 
which dissolves put the ammonium chloride, within a feV 
minutes; the crystalline'-po^assium sulphate remains behind on 
the trayS and is lifted out in them. On cooling, the ammonium 
'chloride crystallines out, and is drained by.means of a centri¬ 
fugal machine, as well as the potassium sulphate. "The former is 
also stoVe-aried; the latter is sold as it is. This process, which 
has been actually carried out by the itiventor, is claimed hy him* 
as an imppoveroent upon the analogous process with sodium 
chloride, because there Ik ntf partial decomposition on the 
liquors cooling dpwit. also claims,that th'e value of the 
potassium chloricje is qjore than’^ovQ'ed by that of the sulphate 
pbtaitKd. ' ’• 

Other Processes fordhe Manuftenure ofiAmmopimiChloridtPi, 
Kuentz has proposed to make sal-ammoniac by direct dis^ 
Cltem, Zeit, iSSS, p. 1499. , 
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tMlation of ammoniacal liquor into an aciti solution of phosphate 
of lime, produced by dissolving native phosphate of lime in 
hydrochloric acid: ' 

Ca3(PO,)2 + 4HCl = CaH,(P 04)3 + 2CaCU 
The reaction taking place with the ammonium carbonate dis¬ 
tilled into the solution, or added in the* shape of concentrated 
liquor, produces a precipitate of dicalcium phosphate and 
palcium carbonate, which is a much more valuable jnanure 
than the native phosphate, and a solution of ammonium 
chloride. The object of this process ij to save the acid 
required for making superphosjihate or “f>recipitated phos¬ 
phate,” as tjjis acid is altogether turned into sal-ammoniac; 
but the process does not seem to have found practical applica¬ 
tion. Its theoretical equation would be:— 

CaH^fl^O,). + aCaClj + 2(NHj).,COs 
= 2CaHPO,, -1- CaCOj + 4NHjCl + CO^ -t -1 J.O. 

Another proccs? proposed by Kuentz consists in treating 
the gas-liquor with impure rferrous chloride, made from 
pyritcus schist and common salt. .There is thus obtaine(^ a 
solution of ammonium chloride ^nd a precipitate of ferrous 
carbonate and oxide mixed with a little'sulphide, which fs an 
excellent material for phrifyin^ coal-gas. In this process no- 
floxious gases are given off. . 

• Another process is one in whiclf “ concen^ated gas-liquor ” 
(p. 1344) is mixed with a solution of calcium chloride (which is 
a waste-product of many chemical operations and without any 
value) till all the lime.is precipitated; the mass„passed through* 
a filter-press, yields cakes of (;alcium carbonate and a solutftm 
of ammonium chloride, which should b« acidified i^ith hydro¬ 
chloric acid,.in order to ^destroy any sulphide. The calcmm 
(arbonate carries^ (Jown m<^t of the impjiritie^; so.tliat even 
ammoniacal liquors from’the destruffiva distiljation of bones 
, and other animfil matters can be trq^led in this, way for pure 
aqamonium chloride. * 

Gentlds (B. P. 2^34, of i^ySj’distils the"ammonium carbonate^ 
etc., from gas-liquor into a crude solution of "calcium chloride, 
caataitted in^a,vessel*with* ^gitating-gear. I'^e solution is' 
separated from the precipitaite, is acidified ip order to precipitate 
arsenic as trisulphide, afqhthe clean filtrate is ajjain made 
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alkaline with ammonia, to precipitate,^ny iron as oxide. Th^e 
processes, founded on the application of calcium chloride, apprar' 
to deserve attention. ^ 

Dubose and Henzey.(/. Soc. Chein, Ind., 1890, p. 6i^j 
decompose gas-liquor by the exact proportion of a solutiori of 
calcium and ferric chloside, with formatioh of FeS and CaCO,." 
The mixed liquids are allowed toetand for twdi^e hours, when ’ 
the upper two-thirds can be drawn off clear. The precipitate is 
an excellent gas-purifier. The solution, testing about 7° BA, b 
evaporated in small iron pans to 13° Be.; the vapours pass; 
into a chimney. Thfc concentrated liquor is run into wooden 
coolers, where it remains a fortnight During this time the' 
upper crust of wystals is'broken up every day, to obtain 
needle-shaped crystals. Cubical crystals are obtained by adding 
to the liquor 5 per cent of a solution of ferric chloride ((f, 
Adler, I'n/ra). The crystals are drained and dried at 50° or 60°, 
or carefully roasted in a reverberatory furnace. A brownish- 
yellow colour of the salt (which seems' to be preferred in 
France) is obtained by addir.g a little slaked lime (which 
evidently produces ferric hydrate from adhering ferric chloride). 
A “{efined" product is obtained by stopping the concentration 
at 11° Be., precipitating the iron by ammonium sulphide and 
boiling down the clear liquor^ in enamelled cast-iron pans.' 
Any cracks’in the enamel should be mended by a mixture of 
cement, silicate of soda, and hydrofluosilicic acid. The concen¬ 
trated liquor is allowed lio crystallize in earthenware dishes. 

The same authors describe the manufacture of ammoniuih; 
chloride from .ammonium sulphate by-dpuble decomposition 
with calcium chloride, or, preferably, ferrous chloride (obtained 
,on pickling iron), allowing the ferrous sulphate to crystallize 
out, removing the iron from the motherdiquor as above, and- 
obtaining the ammotjium chloride ffoni the (a^jt liquor. 

A detailed ..descr^tiovi of'the manufacture of ammonium, 
chloride from' <!/'awmma-sffda works is given by,, 
Adler.i After driving off the .ammonia (both “volatile” agd'i 
.“fixed”) in the ordinary steani-column, th? residual liquor is 
clarified by subsidence, and the clear .liquor freed from linre 
treatmMit wi^ carbonic acidr , After' filtration, the 
concentrated in an ordinary salt-pan to exactly 20° BA, up % 
. ‘ Z angdi. Chem., 189?) pp. 201, and 226. 
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point ho sodium chloride falls out* The concentration is 
i^ntinued in a smaller pan, fishing out the sodium chloride at 
regular intervals. At 32° BA most salt is removed, but an 
almost quantitative removal requires concentration tq 40° 
in winter, or 44° B6. in summer. The cooled and clarified 
liquor then contains only about 3 percent. NaCl; i litre of 
winter liquor contains about 680 g., of summer liquor 580 to 
600 g. calcium chloride.—The second liquor required, viz., a 
solution of ammonium carbonate, is obtained by washing the 
gas given off on calcining the sodium bicarbonate; it contains 
at least 2 pef cent, of ammonium carboimte, with a little free 
NH3,etc. , 

These liquors are now mixed in the gold, after having 
diluted the CaCl^ solution to 10°. or 20° B^., in order to obtain 
the CaCOj in the proper shape, leaving a small excess (3 to $ 
per cent.) of CaCIg. Th^e vessel in which this is effected is 
cylindrical, with a conical bottom, provided with stirring-gear 
and an outlet-cock» at the bottom. The calcium carbonate 
■ should be quickly and completely removed when formed, to 
prevent the conversion of the rhomlyc arragonite crystals into 
rhombohedric calcite crystals. The decomposition is finished 
when a filtered sample yields no pjefcipitate with cafcium 
chloride. If free NHg'is present, the solution formed must 
be treated with the exactly corresponding quantity of hydro¬ 
chloric acid. The separation of* the precipitated calcium 
carbonate froln’ the ammonium-chloride solution is best 
effected by a wooden filter-press* to prevent contamination 
with iron. After pressing, the residue is fir^t washed with* 
washings from a previous operation, then with pure waiter, 
and then treated with a current of air; the cafees'of»calcium 
carbonate leave the •press .with 50 per cent, moisture, and can 
be dri?d in various ways. * . • 

> The bo*ling- 3 own of* the ammcmiuqt-chlopde solution is \ 
best performed* in lead-lined pansj^l;h». smaU quantity of 
lead passing into th& prpdu^ is immaterial for technical 
'purposes.* The heating is ddne by means of leaden steam-^ 
coils, up to the time wljen a pellicle "of sak appears on the 
Hie liguqr is now^rpn off into lea^-lined iron or 
swooden coolers, whJbh majj be shallow <jr deep. For some 
•|)urposes small crystals ar,e, preferred, in which case, fhe 
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'liquor is stirred froiA time to tiqje. The mother-liqu<w 
remaining after crystallization is evaporated separately and s 
is eventually removed, when too impure. 

The * crystals formed in the first liquor are at once , 
marketable, after draining and drying, which is best done 
on wooden frames covered with jute sacking, in steam-heated 
stoves. The crystals formed in mother-liquors must be freed 
from adhering calcium chloride by recrystallization. 

Specially fine cry^s, according to Adler, can be obtained 
as followsMother-liquor, containing more CaClj than the 
first liquor, is boiled down up to the formation of a salt 
pellicle, then mixed with an equal volume of first liquor and, 
at once run inttfthe coolers, during which time it is mixed 
with a similar solution of cupric sulphate (ooi g. to i litre). 
After twenty-four hours the first octohedric crystals are formed 
at the sides and the bottom of the vessels, which increase and 
are of remarkable transparency and hardness, not obtainable 
without the cupric sulphate. Sometimes' crystals 4 inches 
in (length are thus obtained; ■ usually they are 2 inches or 
a little more. '< ■> 

TJie Solvay Processes Company (U.S. P. 805581) obtain 
ammonium chloride by* the simultaneous action of dry NH, 
and CO2 on a concentrated (1-38 s'p. gr.) hot solution of 
calcium chldride. The CaCOj is removed by settling out, 
and the solution ron cooling yields the ammqnium chloride.* 

A very peculiar process is that of Th, Heskin (B. P. 2491, 
of 1884). He decomposes sodium borate by sulphuretted 
hydrogen, dissolves the separated boric «cid in strong liquor 
ammoni®, ^ind decomposes the ammonium borat6 with common 
palt, whSteby sodium borate is regenerated. 

Duvieusart (B. P. 20613, of ‘ipoy)' makes amn^oniuro ^ 
chloride by adding- sea-salt to, a^ saturated ,?olution of" 

' ammonium sulphite at 0., and' raising .the temperati^ 'i 
f,to 95°. Soditfm .sulphite h deposited and sepaS-ated hot from’, 
the mother so>utioq. which, «on “cooling to 40°, deposits-^ 
, .ammonium chloride. The mother solution .now remaining is' 
again charged \yith sulphite of ammonium and sea-salt, heated 
■ to 95°, and treated as before. ^ \ """ 4 

Dr Friedrich & Co. and F. Hirsch (B.' P. 11123, 19095*1 
(jer.'F. 228538) pass into a solutibn or suspension of sodiuiaj 
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^loride in water sulplmr dioxide and* ammonia, whereby the 
reaction: 

2NaCl + 2NH3 + SO., + HjO = Na^SOg + aNH^Cl 

is produced. Into a mixture of i8o parts water and 120 parts 
common salt pass at first a little SO^iefterwards about equiva¬ 
lent quantities of SO.^ and NHj, keeping the liquid slightly 
acid up to the end of the operation; lastly, they make the 
liquid neutral, whereupon the percentage of SOj in the' solution 
is about 9^ or lo parts in 100 vols. The sodium sulphite, 
crystallized out while the liquor is hot,* is removed, and the 
liquor is allowed to cool down to 40°-35°, in order to allow 
the ammonium chloride to ci^stallize." "rhe mother-liquor 
remaining from this is worked" up as follows; 370 parts of 
this mother-liquor, of sp. gr. 1-231 at 30°, containing 36-9 parts 
NajSOj, 87-7 NH4CI, 4N«2S04, and about 240 water, are mixed 
with 60 parts sodium chloride, and into this suspension 20 
NHj and 36 SO^ are passed. The liquid is strongly heated 
up to 112°; anhydrous sodiulh sulphite is separated in,the 
solid state Rnd removed from the liquid while hot. The 
remaining liquid is allowed to *0001 c^own to about 3si; the 
sal-ammoniac crystallized out is rtimoved, the necessary 
quantity of common salt is ^ain put in, and again SO., and 
NHj are passed in at the same time until the conversion is 
cbmplete. T 4 e £. K. of Friedrich hfo. 6684, ifi i (Fr. P. 402872) 
extends this process to include tfce Manufacture of sulphites 
of barium, strontium, calcium, magnesium, a«d zinc , 

French (U.S. I** 882460) drenches carbonized coal with 
strong brine a‘nd burns it in » current of air contaii^'n^ at least, 
10 per cent, steam, whereby ammoniurft chloride is said tp 1i« 
produced. * . * • 

. Ammonium ohtoridesxaurs sometime^n somewHkt consider¬ 
able quantities .among the conslitue^s Sf coalHar. R. Otto & 
Co. (Ger. P. *appl. Q7042) obtain‘pufe‘anwnifnium chloride ; 
as a by-product in the lianijfacture of ammonium sulphate 
"from the gases of coal-distillation by allowing the mother-liquor; 
tkhen the percentage of dhimonium chloride in has increased 
Itf^S per.cent., rfo *cool dcMm to 50“ 70°, whereupon the 
chloride crystallizes out almost cheraiccrily pure iefon ilm 
isulpitate. If in a> preliminsAj' test sulphate has erys’tatlizejj. 
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along with the chloridd, the liquor is, slightly diluted. The*' 
ammonium chloride obtained in this way is free from tarry 
substances, and requires no re-crj 4 tallization before being seni 
out into the trade. 

Ammonium chloride is used to a considerable extent in the i: 
process of galvanising dron, i.e., coating it with zinc, and | 
accumulates in the scoria formed in this process, from which it 
can be obtained by lixiviation. Another by-product formed 
in this process is t% solution of ferrous chloride, formed in 
purifying the iron before the galvanization by means of hydro-, 
chloric acid. Wiilfing (Ger. P. 921744) utilizes this solution '! 
for the manufacture of ammonium chloride, by partially 
saturating it with aqueous “Or gaseous ammonid, boiling it 
with injection of air, and completing tVie saturation with NH^, 
whereupon a precipitate of black magnetic ferroso-ferric oxide 
. is formed, which is an article of trade, and sal-ammoniac is 
obtained by boiling down the mother-liquor. 

The Berlin-Anhaltische Maschinenbau A. G. (Ger. P.' 
271421) obtains ammonium chloride from the gases evolved 
in the destructive distillation of coal, wood, peat, etc., by 
treating the water condensedr from the gases with hydrochloric 
acid and alkaline or t;arth-alkaline chlorides, whereby the 
NH4CI already existing in that water is recovered as well. 

AmmoniS, contained in gases, vapours, or liquids, is obtained 
by the A. G. Chem. Fabr. Pomraerensdorf (Ger. P. 281095) m 
the form of a highly concentrated ammonium salt solution by 
means o( an acid gas, especially SOj or HCl. 

v 'Preperties of Crude Ammonium Chloride. 

The crude ammonium chloride is coloured more or less darif^,, 
by tarry mattars, ard contains other impqrities^ especially 
ammonium sulphate andethiosulphate, as well as moisture, ft., 
.^is dried in Iay6rs4 ihchessthick, on metal platescheated by the^ 
waste heat of the subliming-jjansi but not to the point of ^ 

• wolatiKzation. Here the water and* free aqjd are tfolatilized,^' 
and the tarry m^fters are mostly carbonized. The roasted salt*, 
is of a grey-'\^ite colour, andohould be conyeypd'’as 
'is^possible into the subliming-pot^ lest it shbuld again attract.,! 

' (noistufe. .If the crude”salt has bedft made by direct satiirati^ 
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of gas-liquor with hydrochloric acid (a*process which ought to 
be given up as quite irrational, and as causing a great nuisance; 
cf. pp. 1329 and 1527), in drying or roasting it produces a very 
bad smell, which is absent when the salt has been made from 
distilled ammonia. 

, Gebr. Hinselmann (Ger. P. 284641) purify crude sal- 
ammoniac, as it is obtained when coking coal, from the coloured 
tarry substances by heating to 200°-250° and recrystallizing. 


Purification of Ammonium CMorif^ by Sublimation. 

Sometimes the subliming is done in long rows of earthen¬ 
ware pots 6r glass carboys. This is the process used in Egypt 
and other Oriental countries,* and it is .still practised in 
France, since the buyers there demand the small cakes 
obtained by this process But this is expensive, on acc(Junt of 
the labour and the loss of the vessel in each operation. Hence 
in England iron fots are exclusively used, either cast in one 
piece or composed of several pieces, 3 to 9 feet in dianjeter.' 
Large pots are far preferable to small one.s, as the latter require 
nearly as much fuel, labour, ai^l time for working offgas the 
former. They are lined with firebriaUs, and are heated by a 
fire from below and by*annular flues all round. Their bottoms 
are, by preference, concave, so as to present a larger heating- 
eurface. The gots are covered wifh concav^plates, provided in 
three places with rings for chains^ bj4 means of which they can 
be lifted off by a travelling crane, etc. Tlje covers ire perfor¬ 
ated in the centre ^ 4 he aperture is closed by,an iron rod, whicli-, 
is removed from time to tinje, in order to allow the permanent 
gases to escape. They are covered with som 5 non 4 :onduq|pr 
-of heat. Bots 3 ft. wid» hold 10 cwt, those S ft. wide 15 to 
. iS'cwt, and thqs| 9 ft wi^e 2 to 2| ton%of salf. • 

The operation musVbe exactly i;egulated.. At first a brisk 
liire is made^'but this is slacken54 directly 4 he sublimation 
commences, since a'i a.veiy high tempqfature too raucljf 
empyreflmatic matter is evolved and disturbs the solidification .' 
,of the salt At too low a temperature the* sublimate is loose 
transjijrent, which* qiakes it difficult tq,*sell. The cover ; 
-ought to be at bu 3 i a heat that a drop qf water begins to boil > 
■pn'it and evaporates quick])}. The first layer adhefirfg.to the 
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cover' is always brownish, probably because a little water 
always remains in the roasted salt, w'hich condenses on the 
cover and loosens ferric oxide. Ifeter on a coloration may be 
caused by ferric chloride. The sublimation may last from 5 to 
9 days, but is usually interrupted after a week by lifting the 
cover, the fire having be^.n damped up some time before. The 
sublimation is not driven to the last; for then the temperature 
would rise too high, the carbonaceous impurities would be 
decomposed, and the vapours would injure the appearance of 
the sal-ammoniac. On the cover is found a layer from 2| to 4 
inches thick, which ir knocked off. The abovfe-mentioned 
brown stratum is hacked off witlj a hatchet or planed off. 

The French subliming-prpcess is illustrated bj Figs. 333 
and 334, It is carried on ix earthehware pots, P, about 18 , 
inches high and 12 to 14 inches wide, of which about 20 are 
placed, in two rows, in a galley-futnace,^heated at one end. The 
pots stand on an arch, perforated by pigeon-holes, 0 0 ; they are 
supported at two-thirds of their height by the cast-iron plate F, 

■ on which a layer of sand is spreadrquite up to the top of the pots. 
After being charged with'dry crystallized ammonjum chloride, 
which^ is sometimes mixed with about 20 or 30 per cent, of 
animal charcoal, they are, placed in the furnace, covered up with 
sand, and at first heated gently, in order to avoid cracking. The 
moisture .still present escapes through the openings s s, and soon* 
the thick white vapours of sal-ammoniac appear, whereupon an 
ordinary flower-pot, p, is put on as a cover. Ihe sublimate 
collects partly in the upper portion of the pots P, and partly in 
Ihe flower-pots,/, The openings s s gradually get stopped up; 

. and towards the end of the opwation, when the tire has to be' 
increased so asto produce the dense and translucent appearance 
of the product required in commerce, there Is a certain pressure*' 
in the apparatus. In„order to obtain sufficiently large cakes,'' 
the pots must bg charged^«everal times over again. For this 
.purpose the openings arg cleared again and the operation fit, 
repeated. After,two or three ^charges'the cakes are large' 

■ qnough; the pots are now taken but when sufficiently cool, aid 
are broken in order to get out the sublimate.* The whole takes^ 
about two days/ . 

In some places, ip lieu of earth(:nwarc 'pots,fkff flasks or 

■ carhoys 'isii used on account of cheapness. These are usual^,' 
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about I foot wide and 2 ft. high, and hpld 20 lb. of the mixture 
of dry ammonium chlonde and charcoal. They are placed in a 
.double row of eight or ten|each in metal pots, heated by a 



Fig. 333. 



tjo . 334. 

galley, furnace. The puts serve as sand-baths, and the Basics 
ecsw^teceS abbj)t two-thirds the pot; ihe faU third projects 
outside, but is‘covered \^th.a layer of^sand up to the neck, 
which is covered^with a pia(je,of sheet-lead When this appears 
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covered with a glas.sy* sublimate of ^sal-ammoniac, the pro¬ 
jecting part of the flask is cleared of sand, and care is taken ’ 
to prevent the lead from adhering too fast to the flask, bv " 
knocking on its lower side from time to time. When the* 
sublimate is glass-like, and the lead plate, on knocking from'' 
below, is no longer lifted up by the vapours evolved, it is Jeft 
lying on the top; but the upper opening must never be allowed 
to become entirely stopped up, which is prevented by boring 
in with w pointed iron. The operation lasts from twelve to 
sixteen hours. The lead covers are then taken away, and are 
replaced by corks or by pieces of cotton-wool, and the whole 
is allowed to cool down slowly. During the cooling the sal- 
ammoniac expand-s and cracks the glass. The'cake, freed 
from glass, is scraped with a-knife, to' remove all dirt,’and is 
packed in the shape of loaves; it is crystalline and perfectly 
white. 

The French sal-ammoniac being thus made in earthenware 
or glass vessels, is purer than the English article sublimed in' 
iron pots. The destruction of -the subliming-vessels at each 
operation makes it a costly, product; but it mighb-no doubt be 
made^much more cheaply ip stoneware vessels consisting of., 
two parts, which would^^and a number of operations. 

Some French consumers require the^sublimed sal-ammoniac 
to look as grey and dirty as that'formerly made in Egypt from 
camels’ dung; this is effected by adding some greasy matter 
to the salt before sublimation, or in sm^l portions during 
the operation, so that some soot gets mixed with the sal- 
ammoniac. Otherwise it ought to be wdiite, transparent, of 
fibrous texture, and firm, not pprous and lighb Sometintes- 
"a few per bent, of monocalcium phosphate or of ammonium ' 
phosphate are piixed with the salt before'sublimmg, in order^ 
to retain 'any irpa Jhis is also rwommended by .Adler 
«V.), who adds tp the ^crude anamonimh chloride 20 or 25 
^cent commercial superphosphate, and heats rfrithoiit putting 
on the lid, until r^liite vapours b?gin io appear. The operation i 
proceeds all the better the slo«%r the heating is i^rfqrmedi^ 
The lid should be milk-warm only. ,, 

* Calvert pro^bsed„in order to^ ipake the subjimation 

and contiguous, and^'to .obtain ihccproduc't in a shape m<Ji®*' 

convenient for use, to dry the muriate of ammonia very briskl^^i 
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'^nd distil it from a set^of fireclay retarts, alternately charged 
^into large brick chambers covered with a smooth coating of 
cement inside, on which the Ital-ammoniac would be deposited 
tis a fine powder. This process, which looks very, rational 
indeed, was tried on the large scale, but was given up, and is not 
In use anywhere at present, probabljj because the consumers 
insist upon the fibrous transparent texture of the product, 
which they believe (although erroneously) to guarantee its 
purity. Calvert also tried adding animal charcoal and phos¬ 
phates before subliming; but his sal-ammoniac was never free 
from iron. * 

■ Commercial sal-ammoniac appears in the form of cakes or 
disks, weighing from lO to 40 lb.,sometimes#as much as i cwt, 
white, translucent, of fat-like brilliancy, hard and resonant. 
They are formed of parallel layers of a fibrous texture. 


Pure Cry^allised Salt {Muriate of Ammonia). 

Besides sublimed sal-ammcviiac, the crystallized salt, usually . 
called muriate of ammonia, is alsp found in the trade ht a 
much lower price. To obtain this, the crude salt is once or 
several times recrystallized, and the solution each time filtered 
through animal charcoal. It js also made into the shape of 
loaves, the crystals being sfirred up to a paste with a hot 
saturated solution, and the whole»being allowed to solidify in 
conical sugar-moul’ds of glazed eartl;enware. The opening at 
the bottom is at first closed by a jJlug, which is removed after a 
few days; the mother-liquor then drains off. The loaves ait; 
taken out by inverting the moulds, and are* 3 ried in a stove; 
they turn nearly as hard as loaf-s^gar. . Mosfi ajnmoniunf 
chloride, however, is sold,in the form of sublimed sal-ammbn7lc. - 
The consumers insist upon getting it in this shap^, although it 
generally’costs*twice aSmuch js the crystallized salt, and is no 
better. An attempt made by the ^r^qji Coiypany Lesage to'' 
replace it by strongly coipprqf sed cakes of crystallized salts, in 
disks of 4 ins. diameteit an8 i in. t6ick, failed for jvant of'*", 
((Support from the buyers. Hempel [BerL .Ber., xxi., p. 85$;) 
,m«!8':»ns*that J:his was ddne^by strong,hydfrfulic pressure at 
temperatures b»t«%en 50°^nd 100° C. * 

A description of the manjifacture gf crystallized eraipoftium •; 
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chloride, containing northing new, is made by Barrik in Ckem. 
Apfiirrntur, 1915, pp. 33-34. 

•Purification of Ammonium Chloride from Iron. 

For some purposes that salt should be entirely free frpm iron. 
Formerly it was believbd that this was always the case with 
colourless sal-ammoniac; but Wurtz has shown that only ferric 
chloridejs indicated in sal-ammoniac by the ordinary reagents, 
while ferrous chloride cannot be discovered either by the colour 
or by the ordinary reagents. The ferrous can be formed from • 
the ferric chloride by the reducing action of sal-ammoniac itsejf, 
thus ' 
3Fe,,Cl„ -t zNH^Cf, = 6FeCl,+ 8 HC 1 -t- zN. 

In order to make a product entirely free from iron, a little - 
chlorine gas is passed through the boiling-hot solution of 
ammonium chloride (an excess of chlorine would produce that 
fearfully explosive substance, nitrogen chloride); ammonia is 
, added, which precipitates all the iron now present as peroxide; 
and liquid is quickly filtered and crystallized. A ‘lalt free from 
iron is said to be obtained also by adding a little calcium 
phosphate before sublitmtion (see p. 1542). 

The preparation of chemicajly pure ammonium chloride 
for the purpose of atomic-weight determinations is described by 
Hinrichsen in Z. anorg. ChAn., 1908, Iviii., p. 59,,and Z. angeHO. 
Chem., 1908, p. 1081. 

■' Uses of Ammonium ChloHie. 

Amitjonium chloride is used in pharmacy, in soldering, in 
gklvanizing iron; for making the ordinary sust cement from 100 
parts iroil filings, 4 brimstone, and i sal-ammoniac; in “calico, 
printing; in the manufaqfure ,of colours (for the last-named 
purpose it is mostly required to be free from ironj vide supra),. . 

A not inconsiderable quantjty of cfystallized ammoniqifr' 
chloride is usetf for feeding the Xeclanchd cells ■generalljr 
Employed in telegraph-dffices, etc. For this purpose it should 
be free from lead, which is very injuripus to the drorJauigct^ 
the cells, and 'it should thereipre^be fretd .ifrofli metals hy 
ammonium sulphide.' 
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Whitehouse (B. P. 15140, of 190;) prepares ammonia and 
chlorine or hydrochloric acid from ammonium chloride, by 
hearing it to 300° C. in mixtu^ with the oxides or oxychlorides 
of cerium, thorium, didymium, lanthanum, or yttrium. NH, 
and water are expelled. The resulting chlorides of the above 
metals ^re heated in a current of air or steam, whereby Cl or 
HCl are evolved, and the oxides of the*metals remain behind. 

Seeber (Ger. P. 113895) uses ammonium chloride for pre¬ 
paring a special kind of soap (“ Salmiakseife ”), 

Naef (Ger. P. 115249) produces ammonia and magnc.sium 
chlorfde by heating a dry mixture of aipmonium chloride and 
magnesia in an inclined revolving cylinder, from which the 
liquefied magnesium chloride is cpnstantly ijm off on one side, 
fresh mixture being constantly introduced at the other end; 
a current of a heated inert gas traverses the cylinder, whereby 
this is sufficiently heated and the ammonia is carried ,away 
before it can be decomposed. 


Statistics. 


There ate no statistics on tha production of ammonium 
chloride in the various countries 

Enormous quantities of ammonium chloride are produced 
as an intermediate product ^n the manufacture of ammonia- 
soda ; but these are always reconverted into free* ammonia, to 
be used over jg5iin,,and we must rSfer to thg treatment of this 
subject in Lunge’s Sulphuric Acid ^tidtAlkali, vol. iii. 


The German Empire imported 

• 

^ And exported 
ammonium chiorJde: 

111^907 •. 

. . 396 tons 

•5968 tons 

„ 1908 . 

. •. 271 „ 

24^3 ,» 

„ 1909 

• • 251 * 

3>05 .. 

•„ 1910 •. 

? . 206 „ 

3^1 

• • 

• • • 

. • 


, Ammonium BROMI^E, ^JH^Bi. 

Isleib (Ger. P. 286183) obtains fh'is*salt by moistening coal* 
with liquor containing b^Jbmiiie, heating, mixSng the sublimate 
Jproduced with the condensed aqueobs liquor, concentrating 
^higs.biJ lleatifi| at ^°, separating the^ ammonium chloride 
crystallizingbuf^vhporating’t^e residual solutidn of ammonium 
• bromide at 40°, until a saline crust forflas, then rtjixjng .the 
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liquid with fifteen tinves its volume of 93 per cent, alcohol,^ 
and after twenty-four hour.s separating the alcoholic solution ^ 
of ammonium bromide. 

Ammonium Fluoride, NH^F. 

This salt forms hexagonal scales or prisms, of sharp, salty 
taste, deliquescent in moist air; its properties are described 
supra, p. 1314. It is obtained by passing hydrogen fluoride, 
into liquor ammoniae. In the moist state it decomposes 
silicates at ordinary temperatures, in the dry st^te at higher 
temperatures, and is therefore employed for etching glass. 
On evaporating its solution at 40° an acid salt, NH<F,HFi 
is formed which crystallizes in colourjess prisms, tut is a little 
deliquescent. It must be kept in bottles of lead or guttapercha! 

For manufacturing it on the large scale, T. W. Mills (Ger. P. 
94849) mixes finely ground ammonium sulphate with ground 
fluorspar, and heats the mixture gradually above 350° C. in a 
cast-iron pan, lined with a thin layer of gypsum, and provided 
with a concave lead lid, cooled on the outside by water. The 
ammonium fluoride formed by the reaction 

■ (NH.J.jSGj+CaFj = CaSO. + zNH^F 

sublimes with a little sulphate, and is condensed on the inside 
of the lid. , 

This salt is employed-for etching glass, for decomposing 
certain minerals containing rare earths serving for incandescent 
mantles,' and for preparing certain fluorides (especially df 
^antimony) employed in the dyeing industry. 

The Usting of the acid ammonium fluoride is performed 
bjy Brand \Z:ges. Bravwesen, 1904, p. 114) by titrating in the . 
lolcf with fifth-normal baryta solution, etnployir^ litmus as 
indicator, pxpelling the NH, by boiling with a solution of 
NaOH, and absorbing,it in fifthrnorraa’r'sulphuric acid. Deu^ti 
(Z. angew, Clifm., 1910, p. 1257) found always too low valuM| 
when titrating v^h baryta in the rold." He places the salt^f 
a platinum crucible, adds an fixcecs of standardized barytt;j 
solution, allows te stan*d over night under a glass jar, heatinilj 
up Jrst slowi;^,' then gradually^ fo the boiljifgjioint 
four or fiye hours until there is ao more smel^of wHj, washii^ 
perything into a beaker by me^ns of 'standard hydrochic^. 
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acid, and re-titrating the excess of baryt|, with phenolphthalein 
jas indicator. 

Ammonium Verrocyanide. 

Description of its properties, supra, p. 1311. 

GrosBitiann (B. P. 19988,1907) olrtains this salt by agitating 
"ga^-liquor with an excess of iron sulphide, in the presence of 
cbnsiderable quantities of ammonium sulphide, access of air 
being avoided. The necessary quantity of FeS is asaertained 
by a Jaboratory experiment. The clear liquor is distilled for 
in the usual manner, and in the residual liquor the ferro- 
cyanide is precipitated after acidification by adding iron com¬ 
pounds {cf. h\s B. P. 20387, of I905,tr«/ra, p. t^o). He discusses 
this process in detail in /. Sof. Chem. Ind., 1908, pp. 393 et scq. 
At that time apparently it had not yet come into use. 

This salt has no direct^echnical application; if it is obtained 
in large quantities along with other cyanogen compounds, e.g., 
in Bueb’s gas-purifying process (Ger. P. 112459), in the liquid 
portion of the cyanide mud,*it is transformed into sodium 
ferrocyanide* by boiling with caustic-soda solution, with 
recovery of the ammonia. 

Ammonium Sulwioovanide (Thiocyanate). 

Description of its properties, supra, p. 1310. 

This salt Sas come into use in djieing' and calico-printing,, 
both directly and as a starting-point for the preparation of other 
sulphocyanides; hence it is manufactured jn an industrial 
scale.' It can be prepared ,by synthetical methods, but* we 
first mention its recovery from ammotiiacal gOs-Hquar. That* 
liquor rarely contains mere than 2-5 g. per lijre, which *do8s 
not pay jirorking; it directly for that,salt, ^ut ^fiis can be 
recovered from the residue, rem^iniflg behind when the 
volatile ammeifium compounds are^qxpejled by steam. From 
.this, residue cuprous* sulphoeyanide can fjp obtained as a’ 
:precipita1e by adding a«mi 5 ed solution of the sulph#ites of 
<Jrdn and copper. This .was done by P. Spence {Clum. Nms, 

11^,’whOj after ws,sljing .the psecipilate, decomposed 
^t by ammoniuln sulphide into copper, sulphide. and pure, 
‘jWnmonium sulpijoc^anide.*, Similar ta this, but hartHy^wfifer'i 
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able, is the process cf Storck and ,Strobel {Dingl. polyt, /., 
ccxxxv., p. 156), who saturate gas-liquor with hydrochloric* 
acid and precipitate the sulpfiocyanide by a mixture-*of 
cupric chloride and sodium bisuljAlte. The precipitate of,. 

. cuprous sulphocyanide is washed, boiled with a solution 
of barium hydrate, and. the barium sulphocyanide allowed to 
crystallize. > 

Parker and Robinson (B. P. 2383, 1890) add cupric sulphate 
to the Waste liquor containing sulphocyanide, and pass SO^ 
through it; the cuprous sulphate thus produced precipitates 
cuprous sulphocyanide. 

Bower (Ger. P. 88052; B. iP. 361, of 1896) transforms the 
cuprous sulphocyanide, prepared as above, into ferious sulpho¬ 
cyanide and copper by addition of metallic iron. 

Phipson (them. News, xviii., p. 131) mentions another 
process known in London, but does not say in what it consists. 

The British Cyanides Co. and K. M. Chance (B. P. 6218, of 
1908) wash coal-gas with a liquor containing alkaline poly- 
sulphide, which reacts with some of the cyanogen and forms 
thiocyanate and H^S. The latter is pas.sed, together with the 
gas, into a second washer, containing ammoniacal gas-liquor, in 
which free sulphur is kept in mechanical suspension; NH,, HjS, 
and S combine to form ammoniupi polysulphide, which removes 
the remainder of the cyanogen from the gas in the form of 
thiocyanate. ' , ’ 

Crowther (B. P. 11964; of^i893) precipitates by CO^ the lime , 
from spent gas-liquor, and after settling treats the clear liquid 
{vith a paste of cvprous oxide, after which the mixture is slightly | 
acidulated whh HCl, and the cuprous sulphocyanide filtered off. 
1^, treating" it' with carbonates or hydroxides of alkalis the 
respective gaits are obtained and the cQprous oxide is recoyered. 

We have seen.before (p. 1206) that aqimoniura sulphocyanide - 
occurs in large .quantltie.'f in the ammonium salts made by 
Jixiviating spent oxide from- the purifiers of gas-works. It should 
be possible to sepnrate Jhe sulphate from the sulphocyanide by 
fractional crystallization.. As a Tule,'lo to 30 per cent of the 
latter salt is pregeht in the total ajnnionium s^lts (yf. Gasch?*? 
Chem, Zeit., i88fi, p. 214). ^ 

* According to a patent of MaAsse (Ger. P. ^8137) the spentji 
^wcle,-*hich after lixitiation stiU'^contajps.a great deal <«' 
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fSulphocyanide, is heated in a closed vessel, with an excess of 
Urn? and water, to a‘temperature exceeding loo'C. The 
products of this treatment aje ferrous sulphate and calcium 
sulphocyanide, the latter of which is recovered by lisiviation, 
and serves for preparing other sulphocyanides. 

Esq^ [Chem. hid., 1892, p, 6) discusses at length the treat¬ 
ment of spent oxide of irpn. This contains the ammonium 
sulphocyanide irregularly dispersed in microscopical crystals. 
In cool places, protected from the weather, it keeps,^r some 
time, but at a somewhat higher temperature the sulphocyanide 
rapiddy dec6mposes. This may take 4)!ace on keeping the 
mass in deep layers in the daipp state, which may even lead 
to the sulphur taking fire. Tha sulphocyanide in this case 
is converted into ferrotyanide •and sulphate. In order to 
extract the sulphocyanide from the spent oxide, this must 
be finely ground and methodically lixiviated, preferably.with 
the aid of filter-presses, by which liquors of sp. gr. 1-028 to 
I-113 can be obtained. They are of yellow, green, or blue 
colour, but this vanishes later en during the further treatment. 
Weak liquois (sp. gr. 1-070 to i-o^) are not evaporated,'but 
treated with cuprous oxide; tho|e containing less than 2-3 g. 
sulphocyanide per litre are not worth t/eating at all Stronger 
liquors are evaporated ih vessels of nickel, lead, tin, aluminium, 
or preferably of enamelled iron. By evaporating<0 22° or 27' 
Be. and cooling^ crystals of ammbnium-so^ium sulphate and 
ammonium sulphocyanide are obtamed; from the mother- 
liquor by further evaporation a purer sulphocyanide is Obtained, 
which on crystalliza^n is of light yellow colqpr and contain^* 
80 or 90 pei^ cent, sulphocyanide. A purer article is nthde 
•^from this by precipitating both iron and sulphatfe by rae^s 
of barium • sulphide and recrystallizing. Qieinually 'pure 
,ammoniutn suljjhpcyanide^ is prepared Jjy firjt converting it 
into the barium salt by* means of»fai»tic baryta, or by the 
action of baailm sulphide on cuprque f,ulph(y:yanlde. The 
former is done in closed^.vesaels at 0^2 to p-4 atmospheres’. 
spr|ssure,*heated tp 80° to«9o“ C., driving; off the NHj by.stearg 
itequickly^as possible. Jhe second process* causes no loss of 
iulj^ioiyanide apd saves any.^aporation. Tiij raw gas-liquor 
%r extract from •spent oxide ns treated ^ith cupric sulphate^ 
jpnd sulphurous acid at orjlinary temperatures, of at. nfost 
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at 40° or 50' C. The Jieavy light-grey precipitate of cuprous';) 
sulphocyanide, containing trace? of sulphide, etc., is washed* 
ten times by decantation and i^ decomposed by a solution, 
of barium sulphide, of 15° B^., in excess, which acts perfectly; 
whereas Crowther’s propsal of employing alkaline hydrates 
or carbonates (p, 1548) yields a very imperfect result, Itsis 
preferable to employ at first an inspfficient quantity of barium, 
sulphide, and to decompose the remainder by an excess of 
this salt,,reserving this liquor for the next operation. The 
colouring-matter is carried down with the copper sulphide. 
The clear solution o£ barium sulphocyanide is boiled Sown 
to 57° or 60° Be., and yields very good crystals. The copper 
sulphide, after pre??ing.and drying, can be roasted in pyrites- 
burners, and the remaining oxide used over again as before 
The barium sulphocyanide, by treating with ammonium 
sulph^ite, yields perfectly pure ammonium sulphocyanide. 

The synthetical production of ammonium sulphocyanide is 
performed by the action of ammonia and*-carbon disulphide 
at a temperature of 120° and 730° and at a pressure of 15 
atm'ospheres. , „ 

■ “This process was carried out industrially for some time 
according to the patent^ of Tscherniak and Gunzburg (Ger. 
Ps. 3199 and 16005). In the first instance ammonium 
thiocarbamatp and thiocarbonite are formed, which, on, 
heating, yield sulphocyanide and hydrogen sulphide: 

• ,NK, , 

(a) CS< = NCS.NH^-hHoS, 

‘ \SNH, . ' 

'' /SNH, * 

; (/>) CS( = NtS.NH4-t2H.,S. 

The process,was,carriql out by passing NHj find CSj^by means 
of an iron pump.into a,se{ie 3 o£ iron autoclaves, provided witl% 
; agitating-gear, J 3 ressqre»g 7 iuges, and thermometers, and with, 
inlet and outlet ^aps, and heated to 120°-130° by means, of 
a, steam-jacket The reaction takes place,at a prSssure^; 
15 atmospheres; when complete, the Jiquid is run into a sil!)|i 
in which at a' temperature pf,. "io5°«.uo° Jtfie„ a*m«onKin^ 
.thiocarbaniate forme;) is decomposed into ammonium sulphoi^ 
cy'J^ide atid HjS. Any unchangfd CSj also distils off. Thfij 
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plant used is minutely (Inscribed in Bult. Mulhouse, 1882, p. 77. 
The factory was stopped after a short time, as there was no 
outlet for large quantities oft ammonium sulphocyanide, and 
the working-expenses were too high. 

Hood and Salamon (Ger. P. 72644) heat CS^ and NIT, with 
addition* of an oxidizing agent, like MnOj or Fe^Oj, with or 
without adding a base (CaO) The reaction is; 

zCSj + zNHs + MnOj + CaO = Ca(CNS) + MnS-H S-H aH, 0 . 

The jalcium sulphocyanide formed can be transformed into 
ammonium sulphocyanide by double * decomposition with 
ammonium sulphate. The MnS* is regenerated into MnO^ by 
means of aif in the welTknown fftanner. ’ 

Modifications of this process,*in which the addition of an 
oxidizing agent is avoided, are described by the British 
Cyanides Co., Ltd., in B.»P. 14154, of 1894; Ger. Ps. 7i644, 
81116, 85492. 

Goerlich and Wichmann (Ger. Ps. 87135 and 89811) produce 
ammonium sulphocyanide by h<feting 1 molecule of ammonium 
nitrite with r molecule CSj and 2 tnolecules H^S to 150' in 
a pressure vessel; the reaction ensuing ^: 

NH,N 0 ,, + CS,,+«H2S = SCN.NH,+H./) + S3. 

Goldberg and Siepermann (Ger. Ps. 83454 87813) add 

in' the ordinajy ,C^-process some sulphite, or thiosulphate; 
the reactions are: , • 

2CS„ + 2 NH 8 +NH,.S 03 = CSN.NH,A3S + 3 H., 0 , 
2CS.'-i-2NH3+lftlj.SP3 = CSN.NH^ + 4.? + 3 H., 0 . 

Applications of Ammonium Sulpho>yanide.— 1 ^sX* sail is 
emplojred irr dyeing and* tissue-printing. Fosmerly it was 
' largely use^ or prpposed ^o be used (ar the .preparation of 
cyanides and ferrocyaniJdS, espaciallif.oiwng to.a prize offered 
by the Verein rfilr Beforderung des Q«w*erbflqjss«s in Preussen, 
in 1877. c ■ 

In th# analysis o* technical amnionium sulphocyanide,. 
^kiffer (in ^Lunge and Bari’s Tec/m. chem. U%t^ Meth., 6th ed., 
Kpl. iii., p* 373^prescribes liberating the NH. not,by distillation 
with alkali, but b/magpesia^beiause the fosmer yield ammonja 
also with the nitrogen ofthe*CNS group.* For the sapae feason^ 
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the azotometric methpd cannot be employed. The pure salt 
contains 22-38 per cent. NHj. ' 

The percentage of sulphocyanogen is found, according to 
Pfeiffer, by oxidizing with bromine and estimating the sulphuric 
acid formed by precipitation with barium chloride, the weight 
of which, multiplied by 0-2488, indicates the weight of the 
CNS pre.sent, of which pure amrapnium sulphocyanide contains 
76-30 per cent. 


Ammonium Carhonates. 

The properties of commercial carbonate of ammonia (sal- 
volatile) have been described, supra, pp. 1315 et scq. We have 
seen there that it is a mixture or a compound of ammonium 
bicarbonate and carbamate, and as such is always formed on 
subjiming. Hence the name frequently used for it, “ ammonium 
sesquicarbonate,” is incorrect, although the salt actually often 
has a composition approaching four molecules of NH, to 
three of CO^. „ 

‘ In 1870 Divers {cf. p. 1315) found the article then manu¬ 
factured to contain more ammonia, in the proportion of three 
moltcules of NH., to'-two of COp, but in 1886 Hanekop and 
Reissmann, on the contrary, found- an article consisting of 
one molecqle of NH, to one Pf CO3 (p. 1315), that is, really, 
ammonium bicarbonate; and Topf, in 1887, confirmed this with 
several samples' of -the commercial article aiialyzed by him 
{Z. anal. Chem., xxvi., p. 158). Evidently different mixtures 
or compounds oi ammonium salts have come into the trade 
at different tirrles, and probably even at the same time, under 
the name -pf “ ammonium carbonate.” 

' Ammonium carbonate is formed in the destructive distilla¬ 
tion of animal matters, and is often found as a solid deposit in 
the refrigerator, if the substances UKnployed have been dry. 
This deposit, which fqrms brown crusts, was for^merly known as 
“ salts of hartshtorn,” anef was ^Iw^s accompanied by a watery 
liquid, consisting of a'saturated'solution of ammonium carbonate, 
' known as “spirits of hartshorn.” „Both are very much qj^ 
taminat.ed with tarry products, and c^innot be pufif^ by one 
redistillation,' but only by a tihird distillation yiith boneblacfc. 
This manufacture is rarely carrjetf out now. 
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Manufaclure.—Coramtid^l ammonium carbonate is now 
usually made by mixiii^ ammonium sulphate with calcium 
carbonate and subliming. Cajcium sulphate remains behind in 
the retort; and the mixture of ammonia, carbon dioxide, and 
aqueous vapour (which must always be present) condenses on 
cooling ^to solid carbonate of ammonia. A mixture of i part 
ammonium sulphate with i J or 2 parts of finely ground chalk, 
sometimes with a little charcoal powder, is heated in horizontal 
cylindrical cast-iron retorts, several of which are usually heated 
by the same fire, like gas-retorts. At first the heat sliould not 
be gttat; but at last it must attain rednqss. 

The vapours are conveyed by a wide pipe into lead chambers, 
usually two ^r more in succession„provided ^ith a door for the 
removal of the salt. Fit)m the last chamber the vapours pass 
through sulphuric acid, preferably trickling down in a small 
leaden coke-tower. In the chambers the condensation is eff(jqted 
entirely by air-cooling; but they may be surrounded by a jacket 
to cool them by water. Several operations are performed in 
succession, till a sufficiently tijick crust has formed, which is 
loosened by Jrlows outside with a Ijammer, and is complefely 
broken off after opening the doors. This crust must not be 
allowed to become too thick, as otfierwi^ the air-cooling \^ill be 
too imperfect and the sjrit will become too hard and difficult to 
detach. 

, A convenient plan (Fig. 335) i» to employ five retorts, a a, 
18 in. in diaAefer ^nd 7 ft. long, hejted by one fire, b, with 
two condensing-chambers, 13, C, Roth 8 or 10 ft. long and 
wide and 7 ft. high. , The retorts may be cliarged alternately* 
every eight Jjours. * Each retort-cover has* an aperture‘for 
a rake, to stir up the mass during the c^peration.* Th^ proces?* 
in such an .apparaUis cap go on for a fortnight before* tTie 
chamUbrs need be emptied, for which purpose the,men adopt- 
the precaution of tying %ponge;j drepch^ in vinegar over their 
mouths and nyses. During the work* c«iry must be taken lest 
the connecting-pipes, V, fl?,,bet^een *t}ie retorts and chambers 
get choksd up. ,' • * 

In the bottom *of the,condensing chambers there is a pipe 
for run,njn|; ofP the solution of ammoniupi cahbonate, formed 
^om the exce'ss of tfloisture j tijre also a little steam escapes. 

The product of this fir^^pperation.is still very knpyre,*at 



mi OTHER IMPORTANT AMMONIUM SALTS 


least if crude ammonitim sulphate has been employed; it is in 
that case discoloured by tarry matters, and is sometimes sold as 
“ ammonium carbonicum pyro-ol/?osumIt also mostly contains 
a little.chalk or calcium sulphate carried over. According to 
Divers (p. 1315), whose observations have been confirmed by 
myself, this product hps not the composition of co,mmercial 
ammonium carbonate, no ammonia escaping during the distilla¬ 
tion, but is normal ammonium carbonate (NHJ.^C03, or, more 
probably, ammonium carbamate, (NHj)C02(NH,3). In case of 
a leaky and warm receiver, however, acid carbonate is formed, 
and the latter, that is, the commercial salt, is always produced 
in resubliming the first product. 


( t 



‘ t I'lG. 335. 


Resuhliinatim!—This product, being tpo impure, is generally 
co'ivertcd by rcsubliming into^ a white' salt, forming 'fibrous 
transpareitc cakes 2 ip. thick. This can be done, with hardly 
‘any expense,^ by the waste heat of the •retort-furnace, which 
travels underneath a,row of iron i>ots covered with cylindrical 
lead caps (shown at Dt in ,Fig. 5^5), Xfie crude salt is 
put into the,pots, ,al(?ng with a little water (without which 
the pure salt ^would not be^ trapspaJent). Sometimes the 
pans .are not exposecl to the direct fire, but are j^aced in a 
common water-bath, heated by the ivaste heat of the retort-fit^ 
A temperaturhbf 7q° suffices for r^sublkning Snd ft ij^best ngt 
to exceed this, because the saltftujns out Iin«r and less is lost 
b^ volatdizatioa The lead caps into which the salt is to sublime 
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are made by roiling a shejt of lead into tic shape of a cylinder, 
about 12 in. wide and 2 ft. 6 in. high, covering this at the top 
with a piece of sheet-lead, and jpasting up the joints with paper. 
When the .sublimation is finished, the lead is unrolled and the 
cake of salt can be taken out at once. 

Another apparatus for resubliming Consists of an iron pan 
2 ft. 6 in. wide at the bottom and 2 ft. at the top, 15 ft. long, 
and 2 ft. 6 in. high, in the cover of which there are eight 12-in. 
holes, on which are placed conical lead caps, 2 ft. 6,In. high, 
kept in their shape b)- clamps or wedge.s. With these it is 
possible to wofk fourteen days uninterruptedly. Then the clamps 
or wedges are loosened, and the grass is taken out; but it must 
be scraped c.f clean where it adheres to the lead. The salt is 
mostly packed in stone jars. SoiSc liquid remains in the iron 
pan, most of which is left behind for the next operation. 

The, different qualities gf white ammonium carbonate fotind 
in commerce seem to be obtained by Seating more or less 
quickly, and by puttuig more or less water into the charges. 

The dryiu!^ of the ammonmm bicarbonate is performed, 
according to the 15. 1’. 9051, of 191J, and the Ger. P. 289300 
of the Chemischc Fabrik llrugg. Jay passing into the ceptri- 
fugallcd salt a sufficient quantity of ammonia and carb.on 
dioxide at a pressure or il, atmospheres to form ammonium 
bicarbonate with the water present in the mass. Tht apparatus 
is constructed of jluyiinium or magnalium, agd consists of an 
externally cooled chamber, provided.wi^ agitating-gear. 

The usual process for making ammoniumg:arbonate| as ju.st 
described, does not ap,pear to be quite rational. ^.In the finished 
salt there is times (or, in tjie salt analyzed by JDivers, 
times) as much carbon dioxide as in the neutral satt; but 
accordi^jg to the condltions'of the process there i» onljj enough 
COj for the Jatter., blencealarge quantit)iof ammonia must go 
away in the uncombined State. •This,might b« remedied by 
passing carbon «dioxide into the subliqtin^-ipppratus; even an 
excess of this would not interfere with Jhe formation of the 
ordinary ammoniuni carbonate. . 

m e(This suggestion, which*was put forth in the J882 edition of 
•tys work,’«has 4nc» been*acted upon succes.sfully Ijy at least one 
manufacturer of cafbonafe of amlnonia.) , 

' J3ell, Ckem.*Sltws, xii., p. 5o3- 
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Other Methods 1 or mmmfacturing'Ainmoniim Carbonate. 

Cedercreutz {Chew. Zeit., ?9i5, p. 878) states that the 
Helsingfors gas-works recover ammonium carbonate directly 
from coal-gas, by condensing it in tents made of parchment 
paper, 2 ft. high, , 1 

Kunheim & Co., of Berlin, manufacture this salt in the 
most direct manner, by bringing together the gaseous mixture 
from the'distillation of gas-liquor with carbon dioxide in lead 
chambers, thus producing the commercial salt. 

Seidler (Ger. P. 26633) distils crude gas-liquor oVer limestone 
or dolomite, whereby the fixediammonium salts are decomposed, 
so that the distillate containi, besides ammonium edrbonate, only 
a little sulphide. This is removed by treating the concen¬ 
trated aqueous solution wdth CO.„ and the commercial salt is 
produced from the precipitated crude ammonium carbonate by 
sublimation.' 

F. C. Glaser (B. P. 5761,0! 1884) heats salts of ammonia with 
equivalent quantities of sodium carbonate, to which a small 
quantity of bicarbonate has been added. The reaction is said 
thus.to take place in ajnore,perfect manner. 

F. C. Teed (/. SocftChcm. Ind., 1885, p. 709), from experi¬ 
ments on a small scale, proposes junning a solution of ammonium 
chloride slowly down a tower filled with small pieces of calcium 
carbonate, steart) being blowm up at thp same time. Solid 
ammonium carbonate fornjs at the top. 

Wiichter (Ger, P. 34393) injects a spray of ammoniacal 
liquor, by means of a compressor, into7i red-hot retort filled 
with calcium carbonate. , 

, ,A methorf formerly employed by Kunheim & Co. consisted 
in subliijiing.ammonium chloride 'with barium 'carbopate, to 
obtain barium- chloride as a by-product . , 

Chatfield (-B. Ps.' 6^51 and 6l5’2, of 1888) decomposes 
ammonium sulphate "by, magnesia, and passes the NHj into 
water and CO^ into .this solution^; when it shows 20° B6. it is 
, distilled with a further addition of COj, the distillate is freed 
from steam and the ammonium carbonate condensed. 

^ ' ' I 0 

H. R. Levijis (B.' P. 14618,-0! i895)'passef w^ste ^ses fror.-- 

M * ** . 

< ‘ Details of the ajiparatus in THn^ ■jiolyt. cclii., p. 476, and / So(. 
,.Ckem. Ind., 1885, p. 112. 
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Hme-kilns, blast-furnaces, etc., together, with the gases from 
ammonia-stills, into condensers where crystalline ammonium 
carbonate is formed, the escaping NHj being condensed in a 
suitable manner. The carbonate is purified from sulphide by a 
current of air, or is washed and dried; or is converted into 
bicarbo^iate by CO^ and moisture. 

Raspe (Ger. Ps. /OQ/y.an^ 83556) obtains ammonium carbon¬ 
ate directly from the products of dry distillation of coal, etc., by 
purifying them, before distillation, from sulphides and empy- 
reuma by means of zinc carbonate and oil, then distilling in a 
column, heaSed to prevent obstructions, passing the vapours 
through heated towers filled with freshly ignited charcoal, and 
dehydrating' by dry potash or soda. The anynonium carbonate 
is now condensed by tooling, find the remaining ammonia 
treated in the ordinary manner. 

Saunders (U.S. P. 59,4100) describes his .special appe^atus 
for manufacturing ammonium carbonate. 

J. Bueb and the Deut.sche Continental Gasgesellschaft 
(B. Ps. 9177 and 22586, of ijfio; U.S. P. 1004362; Ger. Ps. 
237524, 246(417, 252276) obtain soli^ ammonium carbonate by 
passing CO., and Nil,,, together with the requisite quantity of 
steam, into' a pipe heated to atout ,^00°, that ij abofe the 
decomposition tempei^ture of ammonium carbonate, and 
causing the mixed vapours *to solidify in a chamber, cooled 
from the outside to about 60°. Tints, it is stated, large quantities 
of a directly* m*ark*etable product arg obtained within a short 
time. According to their Ger. ^s. 285498 and 285531, the 
ga.ses are passed in from below, and the sulSimation-chamber ic 
cooled on th« top, b*ut kept warm in its lowei*part. • 

The Chemische Fabrik Brugg (Ge^. P. 286f4f<) prepares 
a continuous process a warmly saturated solution of ammSnTum 
bicartwnate, by^ conducting CO2 into | solution of NHj, in «• 
column into which the* nVIj ij paased^at the'top, and the COj 
at the bottoiji.* The column consists 4)f,a number of elements 
which are cooled in such ^ w#y that the temperature increase? 
from thfe top (iownwaais, hnd the liquor runs out, at the 
Ibottom at a temperatjire of 50° to’ 60”, so that no crystals 
. separr^e’in column, *but only whgn c6«ling the liquor 
runs out of it. • "fheir Gep. B. 2893(x> describes the conversion 
of centrifugalled into d*y,.bicarbonate by treating.jt with 
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NH, and CO.^ in a cylinder provided with a revolving 
stirrer. ' 

Hilgenstock (of the firm E. Bendel, of Magdeburg) manu¬ 
factures ammonium carbonate (/irectly from crude gas-liquor 
The first part of the apparatus is exactly like that used for 
manufacturing liquor ammoniac; but the adssorbing-vessels are 
constructed in such man'ner that at the same time CO2 may be 
introduced into them, so that a saturated solution of ammonium 
carbonate is obtained. The worm within the absorbing-vessel 
can be filled either with steam dr with cooling water. Daring 
the absorption of NHj and CO^ it will be morp frequently 
necessary to use cooling water. When the solution has got 
up to sp. gr. I'^o (which ^corresponds to aboi;t 44! per 
cent, ammonium carbonate), .steam is slowly passed through 
the worm, until the temperature of the solution has got up to 
about 70". At this temperature commences the sublimation 
of ammonium carbonate into the condensing-chambers, which 
are made of lead, spread on a strong wooden frame. There 
are three such chambers, through which the vapours pass in 
succession; each of these may come first, or second, or third. 
The condensation of the vapours goes on in a very even manner. 
Towards the end of the proce'ss there is an excess of aqueous 
vapour which condenses in the chambers, forming a concen¬ 
trated solution of ammonium carbonate which runs off from the 
« 

inclined bottom of the chamber and goes back to the .stills. 
When four or five still charges have beOn 'driven off, the 
chambers are allowed to coo? completely; the doors of the first 
(^ndensing-chambef are opened, and a workman, protected by 
a we’l-constructeo' hood, knocks off the salt' inside.the chamber 
•-•ith a wooden, mallet. ^ This product is already quite pure, 
a»jd is sol(i after grinding it into pow4er. 1/ required to ^ in 
4he shape of lumps, it must be sublimed over again. This is 
done by means 'of cast'-irop pots, edvered with leaden hoods, 
and heated in a commo|i 'water-bath up to about 75°, so that 
neither drawin| in of air or blowing out of vapours can be 
noticed through the pedp-holes ir. thq hoods. After going on 
foi about six days, the sublimed cru.st is^about i J to 11 in. thick« 
The sublimation « now interrupted; when the hoods ha'vexooled 
down the salt it knocked off wjt'n mallets' or* bKint aiisels; 
apy fmpurifies on the 'outside of the Jlumps are scraped off, and 
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the salt is now packed in tight casks, lined with parchment 
paper. It contains ab(Jut 32'8 per ceift. NH, and 52 per cent. 
COj. The non-condensed vapours in the last lead chamber are 
drawn by a steam-exhauster feto a scrubber fed with water, for 
absorbing the ammonium carbonate which is used over again. 

The Badikhe Anilin- und Sodafabrik (B. P. of J. Y. John¬ 
son, 8/63, 1914) pass NH3 and CO^ ihto a liquid not miscible 
with water, such as petroleum, solvent-naphtha, or the like, 
which is cooled at the ordinary pressure. Water may or may 
not fee introduced at the same time. The CO^ and NH.j may 
, be used in j pure or in a dilute state; in this way the various 
carbonates of ammonia can be formed*and separate out in the 
solid state.^ • 

Kunheim & Co. (Ccr. P. 2*50378) mi?c the component.s, 
COj, NHj, and steam, intimately before admitting them to the 
sublimation chamber, whereby the formation of ammonium 
carbonate proceeds muth more rapidly than by thc*usual 
method, and without the objectionable production of mist or fog. 

A number of proposals have been made for obtaining . 
ammonium ^carbonate in the manufacture of ammonia-soda, 
generally not for commercial purposes, but in order to be used 
over again; these are enumerated in*Lunge’s Siilpliiirk Arid 
and Alkali, 3rd ed., voUiii., pp. 167 ct*seq. The results do not 
seem to have been very satisfactory. 

Hempel {Herl. Bcr., xxi., p. §97) showed that ammonium 
carbonate (as well* as chloride) can be redaced to hard lumps 
by compressing the powder very Strongly at temperajurcs from 
50° to 100" C. Th^e process resembles the regelation of icg. 

It does not ^pear fc be practically used. 

Angelucci {Gasz. ChimMtal, vol. xlvi., p, jay) obtainai 
ammoniun] carboq^te by passing a mixture of acetylene ^ad 
nitriS oxide over platinum sponge, heated to* 800* C, subsg;„. 
quently 5t onc6 tooling, down the ^asSs to ftx)'. * Vide supra. 
p. 1146. . * ’ * ’ 

Leonard ^B. P. 5603, of 1904), in brdeV to oUtain ammonium* 
carbonate free from lead^makes th*e sflblimAs and condensers 
^f aluminium. ’ • 

The talcimn-carhomte mud, formed in the.manufacture of 
ammoiftum "feulphste by dSqbmposing ’ammdnium carbonate 
with calcium sulphate, is qjilized by the TIadische 4ni]in- .und 
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Sodafabrik (Ger, P. 2^11^74), which filters and washes that mud 
by means of a " dip- and aspirating-filfcr,” tct which it adheres 
in an even layer which admits of completely washing out the 
ammonium sulphate by a comparatively small quantity of water. 
Such a “dip- and aspirating-filter” is formed by a shallow 
wooden frame, covered on both sides with filtering-clo^h, and 
provided with one or more openings for placing pipes therein. 

.'\nother process, described by the same firm in the Ger. P. 
application, B69749, consists in heating the calcium-carbonate 
mud and condensing the vapours evolved, which contain" the 
ammonia in the form of carbonate. ► " 

Pure (ommercial ammonium carbonate {cf. its properties, 
pp. 1317 r/ scq.) is quite white, and at a fresh fractwre shining 
and transparent, but is sooi> covered in the air by a fine 
dust of ammonium bicarbonate, ammonia being given off. 
On being heated it should volatilize completely and without 
empyreumatic smell; tarry matters arc betrayed by a brown 
colour of the aqueous solution. The salt inteftdcd for analytical 
chemists should, after being neqtralizcd with nitric acid, give 
no reaction with silver nitrate for chloride, or with .barium salt 
for sulphate. Lime is indicated by a fixed residue and by 
precipitation with ammo'piura oxalate; lead (which should be 
absent when the salt is to be employed as a baking-powder) 
by means of .hydrogen sulphide.Sometimes thiosulphate is 
found in it by dissolving m acetic acid and adding silver 
nitrate, which produces a^white precipitate,’turniftg brown in 
a few moments. ' 

< Applications.—liaa .salt is principally employed for scouring 
woolf as a general detergent, in dyeing, as smelh’ng-salts, as 
S’baking-powder, in medjcine, etc. 

' “'Statistics.—Ho statistics on the n»anufacture of<carbonate 

-of ammonia are available, no more than for sal-ammoniac or 
•* * * « • « • 
the other salts of ammpniar; thp quaalflties of these salts are 

nearly always included ia those of the sulphate. ' , 

' In the German Empire fhere jvas; ‘ . 


Year, ♦ 

InportM) 

Rx^rtad 

tOUB. 

ton*. 

iQp.7 ‘. . , 

. 8eo * 

150 « 

1908 . ‘ . 

f ‘673 


1909 ., . , 

, .• 6fo 

. J44 

1910 . » 

, .‘774 
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Ammonium Nitaite. 

Properties, snpra, p. 132^, 

This salt is sometimes employed in the manqfacture of* 
explosives and for the preparation of nitrogen. It can be 
prep^ed by double decomposition of lead nitrite and ammonium 
sulphate, as a crystalline ^ass, stable in the air. When slowly 
heated, it decompo.ses smoothly into nitrogen and water, 
NH^.N0.2=2 Hj 0 + 2N; when quickly heated to 60° or 70" 
or 'by a blow, it decomposes with explosive violence. 

Carez l[Gcr. P. 48278) manufactures it by reducing barium 
sulphate to sulphide in the^ usual manner and treating the 
solution ''./ith sodium nitrite. • On evapprating the mixture 
and cooling, barium ifltrite crj^tallizes out; the mother liquor 
is boiled with sulphur, to convert barium hydrate into 
sulphydratc, which is equally decompo.sed with sodium,nitrite. 
The barium nitrite is then decompo.sed with ammonium 
sulphate. 

Neogi and Adhicary { Chew. See., 1911, xeix., p. 116), 
prepare ammonium nitrite by, subliming a mixture of 
ammonium chloride and alkali nitrite in a vacuum. They 
did this only on a small scale, by ^eans of a class flask. 

Render (Ger. P. ^>80966) delivers water which has been 
treated with nitrogen and Oxygen under pressure continuously 
to the porous walls of a clftscd, heated generator. The 
mixture of active oxygen and^nitfogen *thus produced forms 
ammonium nitrite when brought in contact with water. It 
may be u.sed for tsterilizing water or for ^converting sulphuri 
dioxide into sulphuric anh;^dride or acid. * • 

Ammonium nitrite is used in the induSr^ o^ exploSWfes, 
an(3 for'filling fndiarftbber balls, by a profess described by 
Herbsk 


, Ammonium JfifiwvTK. 

Tire properties of this s 51 t have been described, p..i322.^ 
Anjmonium nitrate has recently become a most important' 
mat(*n[al (pr the pissparatyop of explosives, ind is now manu¬ 
factured on I farge scalef by many ,jnethods which may be 
classed as follpws;— 
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Production from ammoniacal liquor, preferably in the 
concentrated state, by saturation with ditric acid. 

From other ammonium .salts by means of nitrate of soda. 

By oxidation of ammonia. ' 

By the oxidation of atmospheric nitrogen. Since this 
presupposes the application of nitric acid, obtained synthetically 
from atmospheric nitrogen, we shall ^treat these methods lower 
down (p. 1572). 

PndiKtioii from Liquor A mmoititi’ and Nitric Acid. 

This simple method for obtaining ammonium 1 nitrate "is 
probably the oldest, and is employed up to tbe present 
time. Usually highljj concentrqte'd ammoniacal liquo» is mixed, 
with the calculated quantity of nitric tcid in apparatus like 
that described snfra, pp. 1527 el scq., for the manufacture of 
ammonium chloride; the liquid is filtered and concentrated 
by evaporation up to the crystallizing point. The crystals 
obtained are drained by centrifugalling, andiat once packed 
in air-tight casks, as the salt is \jcry hygro.scopic. 

At" Lille, according to Mhu. pond, .mlp., vii., p. the State 
Gunpowder Factory employs gas-liquor of 22' Be. and yellow 
nitric acid of 36" or 39° Iw 40“^ Be., placed in stoneware vats 
holding 200 litres. The gas-liquor is run very slowly into the 
acid; if the vat,s are cooled from tht outside, the liquor may be 
run in more quickly. The liquid is, before the acid is completely 
saturated, run into iVooden vats, where it is'alfowbd to cool 
completely, .and is then neutraliied by ammonia. Any sulphate 
^ present is removed by barium hydrate. clear solution 
is conaentrated in aiamelled-iron pans up ft 35" to 36" Be.; 
befee running.'it into the.crystallizmg-vats, 0 5 per cent. NHj 
is addbd, so as to make sure of obtainigg a liquid containing 
noJree acid. • The' liquid is stirred up from time to time^durmg 
cooling, in order to'obtain^smsll crystals,.which are dehydrated 
down to 2 per cent.'water Ijy‘centrifugalling. • ^ 

•Biihler, in Ohm' Ind., i^ii, g;, 210, describes the plant 
erected b^ him for thd Norsk •Hydro-Elektrik-Kvatlstof- 
, aktidselskab at Notqdden’(Norway) for, the manufacture of 
ammonium nitrate?‘in which part of the nitric aefd^ obtained 
at that factory freSn atmospheric cftrpgen b/ tiie process of 
., Birkeland^.and Eyde (Lunge, Sulphprif Aad and Alkali, 4th 
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ed. (1913), vol. i., pp. 2^2 ct scq), is wcyked up for this purpose, 
by means of liquor ammoniac of 25 to 30 per cent. NHj. The 
present production is 15 tons per twenty-four hours. The 
power required is 50 H.P.; twelve men are employed in that* 
manufacture. 

For working on a smaller scali^ Guttmann (according to 
Escales, Aminonsalpcterspiengstoffe, p. 24) recommends employ¬ 
ing gaseous ammonia, liberated from ammoniacal liquor or 
from ammonium sulphate by *means of lime, which is passed 
through a reflux-cooler, and then through a series of stoneware 
vessels, containing a layer of 15 to 2Q cm. depth of nitric acid, 
sp. gr. 1-22. The neutral sojution is forced through a filter- 
pre.ss anr'' then evaporated in a lead pan„with conical bottom, 
at 120°, by means of* steam of 5 or 6 atmospheres’ pressure 
passing through a coil. The sufficiently concentrated solution 
is allowed to crystallize in wooden vessels lined with kad, or 
vessels of enamelled iron. 

Garroway (B.* P. 706C, of 1897) heats sodium nitrate with 
silica and steam; part of th^ nitric acid evolved is condensed j. 
the remaisder is made to meet IJJH., in plate towers, and the 
last NH3 is retained by sulphuric acid. 

Hake (/. Soc. Chem. Ind., 1889, J). 106) proposes fo make 
a very good products by allowing gaseous ammonia to meet 
with vapours of nitric acidf , 

Rudeloff (Ger. P. 166427) saturates the vapour of nitric 
acid, when*coming out of the “stq^m column,” for denitrating 
nitrous vitriol (Lunge’s Sulphuric Acid, 4th ed., vol i., p. 849) 
with ammoniacal liquor, spread over a largc^surface. • , 

Of couae, where the expense admits of it, liquefied.amtnonia, 
as it is sent out in steel bottles, m^y be usec^ ajjowjng'^e 
gaseous NH^ to pass i»to nitric acid. 


Double Decomposition of AmmdnhUn Salts with Nitrates. 

Gerlach (Dinglcr's Joprn^ ccx^xiii., p. 5 j), in the year 187^, 
propo^d dissolving sodium*nitrate in the solution of jmmonia, 
• obtained by distilling,gas-liquor, and passing carbon dioxide 
throuffl? the’jelution as*long as any.soditen bicarbonate is 
preci^ated. CBe solutjpivremaining^after*filtering from the 
sodium bicarbonate* conteias amraonjum nitrate.—‘TH^ ptocess 



(1664 ' OTHEk IMPORTANT AMMONIUM SALTS 

never had any practical application; the reaction is' quite 
incomplete. Moreover,' there was ncf’ sale for ammonium 
nitrate at that time. For the same reason the proposals of 
Lesage (Fr. P. of 20th Jan. 1877) a'ld Chance (B. P. 5919,1885) 
had no success. 

To this class of processes also belongs that of Feld (B. P. 
5776, of 1906; U.S. P. 8^9741; Ger. Ps. 171172 and 170620J. 
He allows the gases of coal-distillation, after separating the tar, 
and removing the H^S by a suspension of ferric oxide in hot. 
water, or in other ways, to act on solutions of alkaline nitrates, 
in the “ washers ” constructed by him (p. 1197). „ 

The ammonium salt, which is mostly used for conversion 
with alkaline nitrates, is the sulphate^ the reaction being 
promoted by the great solubility of aanmonium nitrate, and 
the much smaller solubility of potassium or sodium sulphate. 

Roth (Ger. P. 48705) separates the products obtained by 
the interaction of ammonium sulphate and alkaline nitrates 
by means of alcohol. Or else (Ger. Ps. 53364 and 55155) he 
fuses equivalent quantities of ammonium sulphate and alkaline 
nitrate and heats to 160° or 200° C. for an hour, whereupon the 
liquid ammonium nitrate can be easily separated from the 
solid alkaline sulphate by centrifugalling or otherwise. But 
the same inventor later on (Ger. P. 149026) states that in this 
proce-ss about 20 per cent, of the sodium nitrate escapes the 
conversion with ammonium sulphate, and that double salts are 
formed which are very troublesome in separating the products 
of the reaction. He therefore now employs twice the pro- 
pprtiofl of sodium rPitrate required by theory, or even more, 
say ir32 parts (N>14)2804 with 190 parts, &■ more, of NaNO,, 
h«'>-Mng the raiyed solutions, or mixing the solid salts and 
carelhlly fusing them under ordinary 04 reduped pressure. 

. Benker (Ger? P. 69148) mixes equivalent solutions of 
ammonium sulphate and sodium nitrate,()and allows to crystal¬ 
lize in the cold, thereby touch “Glauber’s salt is formed and 
removed. The toolhe>-liqtior is treated with sufficient nitric 
acid to form (with the sodium svlpfiate) sodium nitrate and 
free sulphuric acid; and by cooling it down amtoonium nitrate iSj^ 
made to crystallirc out. The mothep-liquor is used over again. 

Fairley (B. P.?667, of 1896) milJcfes 132 parts splm amhionium 
aulphatewifh 170 sodibm^ nitrate, adds a little water, and heats 
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to 10^ to 1 lo', at which temperature the mixture is kept for 
three to five minutes. •It now consists Issentially of ammonium 
nitrate and sodium sulphate, and is extracted with methylated 
spirits of 85 to 93 per cent.*containing I per cent. NIT3. The 
alcoholic solution contains ammonium nitrate with 10' per cent, 
sodium nitrate, the solid residue sodium sulphate with 8 per 
cent, ^ammonium sulphate. The am'monium nitrate obtained 
•from the alcoholic solution is purified by a special process. The 
mixed sodium and ammonium* nitrates, after evaporation and 
recovery of the alcohol, are washed in an upright cylindrical 
vessel witl^cold water or a cold saturated solution of ammonium 
nitrate, which dissolves out the more soluble sodium nitrate. 
This jsrocpss may be made confir^ous, and the moist ammonium 
nitrate, discharged from the top of the percolator, contains 
after drying less than i per cent, of impurities. The liquid 
from the percolator, is evaporated to dryness, and the dry 
salts are used over again in the next operation, as well as the 
ammonium sulphate recovered from its admixture with sodium 
sulphate by treatment with boiling water. 

The sajpe inventor (B. P. 1668, of 1896; Ger. P. 9%oo) 
describes a new form of the ammonia-soda process, working 
at -15°, for the manufacture of ammonium nitrqte. Another 
patent has been taken»out by GroenJahl & Landin (No. 1868, 
of 1892); but none of theie, or the other alcphol proces.scs, 
furnishes an article of sufficient purity for the manufacture 
of explosives, •?.«.*, containing less than 1* per cent, of solid 
impurities, as proved by Fairl8y (/. ^oc. Chem. Jud., 1887, 
p.211). 

Craig (!g, P. 5 81 f, of 1896; Ger. P. 92172) separates the mixture 
of ammonium nitrate and‘alkaline sulphates^obtaincd^by*(i»e 
moistening of a piixtme of alkaline nitrate and ammonium 
sul{ftiate, stirring and drying, by means of liquid ‘ammoniaair 
most highly concentratqcf liquor aijm^niae, wfiich dissolves only 
ammonium nitrate. For this he eifipjoys the apparatus shown 
in Fig. 33d! An air-tight Tjpssel,*^ containing the filter b, fe 
filled with the finely grou«d mfxtufe of salts and digested, 
,with the liquid ammonia contained in vessel /, at as lo 5 r a 
tempercTture ea^ possible. * The filtrate ^may'ie brought to 80 
per ceSt. Aimemura nitrafejJ but it is safer‘not t^ exceed 50 
or 60 per cent, to ^voicf cpntamination with other ^Itsf IT 
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is run through into e-, t|ie ammonia is aspirated away by pump 
d, liquefied in c, and passed into a by means of pipe / and this 
is continued until the mass in a is exhausted. The latter is 
freed from ammonia by heating, and the white ammonium 
nitrate discharged by the manhole i. The vessels must be 
very strong, on account of the high pressure, and shquld be 
made of iron, enamelled or coated with tin or aluminium.'^ 
Lennox (B. P. 54831 of >897; Ger. P. 96689) heats a dry 
mixture of 17 parts sodium'nifrate and 13 ammonium sulphate 
in a retort, connected with a condenser and a scrubber In a 


c 



Fig. 336. 


vaegup to such a temperature (not above 230°) that ammonium 
nifrate distils o'-er, which commences at 20C° C.; solid sofiium 
stilphate remains behind. The retort is m.ade of iron, the 
condenser of stoneware pipes. The Vacuum is produced by 
an injector, and, is ma^ie a? high as possible. TBe nitric oxide 
formed during the process I's liquefied (?)’on issuing from the 
condenser. The gases are washed in the scrubber" with a 
concentrated solution of ammonium, nitrate. In order W 
prevent stopping up.the condenser with sc,'i3^ammonium 
.nitrate, a stsam-jet is passed throegh it. Similar to this is the 
proefessof W^hlenberg (B. P. 1245.:,. cf 1889). 
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Johnson {Chem. Zeit, 189;, p. 52;; Swed, P. 8944, of 189;) 
converts calcium superjJhosphate by aifcraoniura sulphate and 
ammonia into ammonium phosphate, which is converted into 
nitrate by the action of sodiuifi nitrate. 

_E. Naumann (Ger. P. 166746) promotes the old‘reaction 
between ammonium sulphate and sodium nitrate by separating 
the sodSum sulphate formed from the feother-liquor while still 
hot; the solution is then cooled to the point where only a 
double sulphate of ammonium‘and sodium crystallizes out, 
and»the mother-liquor, on concentration and cooling, yields 
solid, nearly^pure, ammonium nitrate. 

According to his Ger. P. 259995, the’mixture of ammonium 
nitrate an^ ammonium - sodifltn sulphate obtained in the 
fractional crystallizatioikand by strong cooling of the mother- 
liquors is mixed with hot mother-liquors, relatively poor in 
ammonium nitrate, under such conditions that a solution 
saturated with amraoniiftn nitrate at 25'’-55'' is obtained,*from 
which, after remov#l of the separated double salt of ammonium 
sulphate and nitrate, ammonium nitrate is recovered by cooling 
to the ordinary temperature, with or without the additimi of 
water. The double salt of ammonium sulphate and nitrate 
may be used in place of, or irf addition to, the mixture of 
ammonium nitrate and ammonium-fodium sulphate, but in 
this case the treatment is* first effected at ^5°, at which 
temperature the double salt of ammonium sulphate and 
nitrate 'is decomposed. After removal •of the separated 
ammonium sulphate, the furth* freatment is as ^described 
above. I ^ 

The process of Wedekind & Co. {{xet: 1'. i»4i44; 1'. 

19465, of 1906; Fr. P. 3693^9; U.S. P., of Ca^pvi, Nydeg§f^ 
and Goldschmidt, ^6451^ runs quite on the same line’s, bi 5 t tl^ey 
add In the end so much water, that’the sodifim salts remain 
in solution, and only purd ammonium’nitratS crifstallizes out. 
They proceed .as follows;—A* solution is nfede of 400 parts 
ammonium Sulphate <and 720 sodisfti nttrsfte f = 40 per centi 
excess) dn 900 water, anR v heated ‘till if shows a boiling- 
|)oint of 118°, aft which point most‘of the sodium sulphate 
has been prsc^itat^. The liquid is filtered and boiled 
down,’Sntil*a sample cooleHfdown to ^0° begins to separate 
ammonium nitrate. * It Js .then cooled down to; afeuaii-z^f, 
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the salts separating thereby (sodium.nitrate and suIplAte) are 
removed and so much water is added to the mother-liquor 
that, on cooling down to 15°, the sodium salts remain in 
solution. The liquor thus diluted is cooled down to 15°, 
whereupon about 40 per cent, of the ammonium nitrate 
crystallizes out, free from sodium salts. The crystals are freed 
from the mother-liquor adhering to them by washing\with a 
solution of ammonium nitrate. Alhthe liquors go back to the 
next process. 

Garrowiiy ( 11 . P. 10137, of 1899) first obtains strontium 
nitrate from sodium nitrate and strontium chloride (most, of 
the NaCl separating odt on cooling), and after purifying it by 
recrystallization, adds the exactly equivalent quantity of 
ammonium sulphaft. The latter is thqs converted into nitrate 
and remains in solution. All the strontium is precipitated as 
sulphate, wWch is converted into carbonate by means of sodium 
carbonate, and from the SrCO,, the SrCl.^ is again prepared by 
means of hydrochloric acid. Carez (Ger. J'. 42178) proceeds 
in the same way with barium chloride. 

According to the German 'patent of the Norsk Hydro- 
Elektrisk KvaelstofaktieselSkab, No. 206949, of fW p- 
1562),, ammonium nitrafe is'obtained, together with calcium 
nitrate, by absorbing nitrous vapours by calcium cyanamide, 
the reaction taking place quite, smoothly according to this • 
equation:— ’ 

CaCN, + 2H.,0 + 4HNQ,, = Ca(N()3),, + C(),. + 5 Nft,. NO^. 

liurghardt (B. P, 8841, of 1889) mixes equivalent quantities 
of the solutions of lead nitrate and ammcnium sulphate. Or 
q]^e (B. P. 5J42, of 1890) he precipitates the solution of lead 
nitrate with liquor ammdniae, or saturates it with gaseous NHj,- 
the resulting wliite lead hydrochloricfe is to be converted into 
cbrome-yellow. • - 

Campion and'Tenisdn Woods (B. P. 15726, of 1890) decom- 
4)ose a solution of. 85 parfs sodium nitrate in Poo water by 
a solution of 62 ammonium chl()ride in 100 water, removing 
the NaCl formed. Or they decomp'ose first the solution of 
85 sodium nitrate "in 100 water by a" solution ,of 6p calcium 
chloride in loc water, removie' the sodju#/ ehloptie, and 
4ec''.Ta'"3fe" the calcitm nitrate “fol'raed .by a solution of 59 
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ammonium carbonate in 150 water, or 66 ammonium sulphate 
in 155 water. 

Dyes (B. P. 15391, 1908) adds to a solution of calcium - 
nitrate a solution of ammdhium sulphate, so that calcium 
sulphate is precipitated. 

Nydegger and Wedekind (B. P. 20907, 1909) state that 
manufacture of ammonium nitrate frobi calcium nitrate (which 
by its electrolytical production is a comparatively cheap 
starting-material) has the dritwback that the commercial 
calcium nitrate contains various impurities, as alumina, ferric 
oxide, magnesia, and magnesium nitrate. When decomposing 
calcium nitrate by ammonium sulphate, the magnesium com¬ 
pounds ent»r into solution alorfg^with ammonium nitrate, and 
in the evaporation thej* are not* removed, l)Ut remain in the 
crystallized ainmenium nitrate, making this useless for 
explosive purposes. They avoid this by employing an excess 
of from 1 to 10 per cent, calcium nitrate (or barium or stroittium 
nitrate), which ca»ise.s the magnesium salts to remain in 
solution up to the last, after the crystallization of the ammonium 
nitrate, evei^ in cases where 10 parts MgO or upwards* are 
present for 100 NH4NO„. From the mother-liquor, the 
magnesia is recovered by an e 5 :cess*of ammonium siflphate 
in the shape of magntsium-ammonium sulphate. The same 
process is described in the Gar. P. 231394, of Wedekind & Co. 

Plantz (Gcr. P. appl. P30765)» gives prescriptions for ob¬ 
taining pure* aiftmbnium nitrate from crude calcium nitrate 
(“ Norgesalpeter ”). 

The Norsk Hydjo-Elektrisk Kvaelstofektieselskab (Pr. P» 
408506) treat a mixture of the solutions of calcium^ nitrate 
and ammonia with carbon dioxide, producing a precjpitate«ei 
CaCOj and a solu(;on o{ ammonium nitrate. * • 

TBe Gewerkschaft des Steinkohlen-Bergwerks Lothringeu 
and F. Ulide (C?er. P. 2340^6; Fr. P, 41/505) Absorb the gases 
from coke-ovens, gas-retorts, etc,, raiie^j with if necessary, 
by a solution’df calciutn nitraje, wiA’ forfiaatmn* of ammonium* 
nitrate arid precipitation ,of oalciurn carbonate. This process, 
wcording to Fr.‘P. 436/68 and U.S.’P. 1QS3456, is modified 
by the e^lo^ifi^t of pncodled gases, without [ 5 »evious dehydra¬ 
tion, at ■% tempeitture of^ ’t^e absorbing-liqfiid ^00°, by 
the use of concentra'ted iii^onia g^es, and acidi^lp^SfJir 
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liquor obtained and heating until a reaction commences, whereby 
a chemically pure prot^uct is obtained.' This proposal practi¬ 
cally coincides with that of Walter Feld, laid down four years 
previously in the Ger. P. 171172 6'f Walter Feld. 

Le Chatelier and Bogitch recommend decomposing calcium 
nitrate with ammonium sulphate at a temperature of 150°, 
because gypsum formed in the cold is in the shape bf fine 
mud, difficult to wash. The crystals of gypsum are washed 
with boiling water, whereby' ammonium nitrate free from 
calcium salts is obtained. 

E. J. Henry (B. P. 19141, 1910) mixes calciym (bariUm, 
strontium) nitrate and ammonium sulphite solutions, preferably 
concentrated, in about equival/;nt quantities, and afte" separating 
from the precipitated calcium sulphite and removing any 
remaining calcium, if desired, by adding the calculated quatitity 
of ammonium oxalate, evaporates the solution until it has 
a boiling-point of 125", and then cools it to about 30‘’-40'’, 
whereupon a large proportion of the ammonium nitrate 
crystallizes in a very pure statg. 

Colson (/. Soc. Chem. hid., igto, j). .187) agjin proposes 
carrying out the ammonia-soda process by means of sodium 
nitrate, in lieu of sodiu^m cllloride, and thus to obtain large 
quantities of ammonium nitrate. • 

Knab(P'r.,P. 116331) treats alkaline nitrates with ammonium 
oxalate. > 

Traine and Heilmers^ Cologne, and Dr’ H'. Weyer (Ger. P. 
254935) calcium nitrdte with an excess of ammonium 
fiulpfiate, with or without addition of watef, at ordinary or high 
prescure, up to the complete expulsion of‘the water and fusion, 
CT.J lixiviate’the resultipg mass with an organic solvent which 
takes up only the ammonium nitrate, e.g^ alcohol. On con- 
centrating,'’this solution ammonium nitrate of 99-9 per cent, is 
obtained, entirely free, from lime, sulphuric acid, alkalies, and 
chlorine. « ' 

' F. A. Freeth ahd'H. fe Cocljsedj^e (Ger. P. 256335) agitate 
equivalent quantities of ammonium sylphate and sodiifm nitrate 
with a hot solutioq previously saturatfd in tfie cold state with 
ammonium nitrrfte and sodium nitrate„and th^n with sodium 
sulphatej,vuntil the double salt, 0/ ammdhKim nitrate and 
"amm?i)iuiK sulphate begins to crystallize out, or with mqther- 
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liquors of the same composition, and epporate the mixture as 
long as only sodium sulphate separates out; after removing 
this, the solution is mixed with water and cooled up to the 
point where ammonium nitra?e crystallizes out Thejr Ger. P. 
271518 describes the production of ammonium nitrate from 
sodium nitrate and ammonium bicarbonate or its components, 
employing such proportiops that at the end of the reaction, 
besides the precipitated sodium bicarbonate, a solution remains, 
saturated at the temperature *of the reaction with sodium 
bicarbonate, ammonium bicarbonate, and nitrate; after removing 
the bicarbotiates, the solution is cooled dpwn and the ammonium 
nitrate now falling out is separated and washed in the usual 
manner. Che most suitable temperature /or the reaction is 
below 35°. 

Wulfing, Dahl, & Co. (B. P. 26233, of 1913 I Fi/P®- 465683 
and 466303) treat sodiup nitrate (i molecule), or a nii;cture 
containing other alkali or ammonium salts in aqueous solution 
with sufficient anflnonium sulphate (at least i molecule), to 
convert all the alkali metal intp alkali-ammonium sulphate^and 
separate thc^mmonium nitrate forq^cd by fractional crystalliza¬ 
tion from the less soluble double salt, or concentrate the solution 
and extract it with alcohol or otherjsolvent. Or they allow 
sodium nitrate and amiTionium sulphate to interact in equivalent 
proportions, destroy the doiftle salt by heating, to 119°, con¬ 
centrate the solution until most «f the sodium sulphate has 
separated, and freat the raother-liqqor as above, after adding 
more ammonium sulphate to convert the remaining sodium 
sulphate into doubl* salt. , • 

Menge,«!» a pa*mphlet published in i§)i5, discu^se? the 
preparation of pmmonium nitrate, together \fitll s(>diqp^*&f- 
carbonate,’accordit»g to the equations: , 

. (i).N/f3 + CO,.+ Hp = Nli,.H.fO,, 

(2) NH^. H. € 0 ;+ NaNQj = .NailCOs NH,. NO3. 

He obtained a conversion of 64'j.iJer,cept. pf the Na, and, 
63 to 70 per cent, of the flOj, .coatained in the caliche 
employed. 

Amnicftiium NJtratt by Oxidation of timmonia. 

WeWeTn a*[#evious gla& (p. i333)mentfoned/^ process 
of Ostwald for the oxidatioe of ammonia to nitfic aci^lby 
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catalytical means. Tl^is process has ,been carried out on a 
working scale at the Lothringen pit, near Bochum. According 
to information received from the IJeutsche Ammoniak-Verkaufs- 
Vereinigung at Bochum their sales of ammonium nitrate made 
by the Ostwald process were as follows:—651 tons in 1908; 
1096 tons in 1909; 1237, tons in 1910; about the same iji 1911. 

According to Traube and Biltr {Ber. 1904, p, 3130), the 
oxidation of ammonia by electrolytic oxygen in. the presence .of 
copper hydroxide, as catalyzer, into nitrite and nitrate is easily 
carried on, with large yields, in the laboratory, and it would 
probably also pay on .the large scale. < 

Siemens and Halske (Ger. ,P. 85103) prepare ammonium 
nitrate by dark ehctric currents from gaseous arfimonia. 

Nithack (Ger. P. 95532) e'lectrolyses for the same purpose 
water saturated with nitrogen under a pressure of 50 to 100 
atmospheres. , 

Patents on the electrolytic production of ammonium nitrate 
from ammonia have been also taken by 

Farbwerke vorm. Meister, Lucius, and Briining, B. P. 16426, 
1911; Ger. Ps. 223895 and .238137; Fr. P. 433410.* 
Elpktrochcmische Werke, ^Berlin, B. P. 16426,1911. 

4 

* 

Various Methodi. 

Hinselmalm (Ger. P. 284641) obtains ammonium nitrate 
(or chloride), remaining white on keeping it) st^ck, .and free 
from sulphocyanide, by'heating below the temperature of 
volatilization, whereby the sulphocyanide is converted into a 
black powder (po'sulphocyanide), from whjch the pure solution 
o{^nitrate (or, chloride) can be separated by filtration. In the 
case of a'.nmonium nitrate, the heating must .be carried on at 
135° to I4Q°, in. that of ammonium chlbride 'at 200° to 25(>°. 

C. A. Woodbury, Assignor to F. I. du Pent de Nemours 
Powder Co., Wi)raingt6n,/Del. (U.S. 1 ^. 1124679), prepares an 
, explosive detonating at 'relatively low velocity, by .'ncorporating 
ammonium nitrate in relatively^ large globular particles with 
nitroglycerin and an absorbent. 

E. Collett an^ the Norsk HydroJElektrisk-Kvaelstofakti#- 
se!skab(B.P. 26(597,1912; U.S. P.. 1058037)groduse agy.nonium 
.^jMttaJe.'^tbgether wikh ammoniiim' phosphafe, by dissolving 
. ,calciunJ phpsphate in tiilute nitrid acid, adding ammonium 
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sulphate in such proportion that the calcium is precipitated as 
sulphate, and treating the solution, which contains substantially 
only ammonium phosphate and nitrate, in any suitable manner, 
e.g., by neutralizing with ammonia and fractionally crystallizing. 

Steinmetz (U.S. P. 1062865) and Hlawaty (Fr. P. 453207) 
prepare ammonium nitrate and nitrite from steam and air 
in an^electric furnace. 


Statistics. 

m 

.There are no statistics available on the production of 
ammonium* nitrate. Rau {loc. cit.) states the German con¬ 
sumption of this salt at about 3000 tons. 

Preparation of Granular Ammonium Nitrate. 

Gallup and the Du font de Nemours Powder Co. (IJ.S. P. 
1131361) evaporate the solution of ammonium nitrate in two 
superposed pans. * If the temperature of the top pan is kept 
at 135° to 138°, the product obtained in the bottom pan .is in 
a granular term. With a temperature of 150° in the top pan, 
the product comes out in a mitph coarser form, of which no 
more than 5 per cent, passes through a ten^-mesh sieve. 
The grains are nearly globular and comparatively very little 
hygroscopic. 


Examination of Ammonium Nitrate. 

The commercial salt has nearly alw^s an acid re^ctiog. 
It is qualitdiively esAmined by heating a sa«iple in a^pla^num 
foil, where it ou^ht to leave no residue.. * '* . ^ ,* * 

The quantitative ewmination is carried out for the per¬ 
centage of nitrogen, which is carried out in* a biinge’s g^s- 
volumeter (p. 1*276); free 4i«(^which*is tftrated in the 

usual manner 'by caustic-soda’ solutiqp. A ’red colour of the 
salt indicates the pftsence ,of iron, wlficlf.^ca'h be estimated 
by the ^sual methods. .’The ammonium nitrate prepared by 
conversion frequently ijontains alkaline sulfhates and nitrifies, 
which re*main*b,ehind.on bating, and can be'.estimated in the 
usual wrfy. 'Th« §alt is very^ygrMr«/»rV;_and*tausU^refore be 
' tested for its percentage q) •^ater. 
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AMM(?NIUM PERSULfHATE. . 

Properties, p. 1321. 

The salts of persulphuric acid, recently found 

more and more applications for their oxidizing and bleaching 
properties. The most important of them is ammonium, per¬ 
sulphate, ' 

SO'-SOj 

(NH4)oS,,Os, or NH,o/ ^>ONH„ 

0 - 0 ^ 

from which the other"persulphates are obtained by double 
decomposition, < ^ 

Ammonium pefsulphate i§ always prepared electrolytically* 
from ammonium sulphate. I’he conditions for this process 
have been studied by Berthelot (Comptes rend., 1878, p. 20; 
j88o,-pp. 2O9 and 331; 1891, p. 1418) and Elbs (/. f.pract. Chem. 
[N.P'.] xlviii., p. 185). The monoclinic crystals of this salt are 
very easily soluble in water, 100 parts of which at 0° dissolve 58 
parts; at 15° 65 parts of it (Marshall,/. Client. Soc., 1891, p. 
777). The aqueous solution ‘on heating is decomposfcd according 
to the equation: 

(NH,),SP8 + h;0 = H 2 S 04 + 0 + (NH,,)2S0j, 
with an evolution of + 38400 heat'units. 

The electrolysis is carried out with a saturated solution of 
ammonium sulphatfc at a temperature of 7°, and current density 
of 7 volt., The persulphate foJmed separates out in a solid form, 
and !s filtered off'from the mother-liquor, which must be 
neutralized with ammonium carbonate before going on with 
the electrolysis. The .electrolysis of neutral solutions of 
ammonium sulphate has^ been simplified b{' working without 
a, diaphragm, but with addition of solutions of chromat,ps which 
allows the process to bg carried out,at 30°. The cathode is 
best made of carbon. Th'e yield is depending' on the state of 
the platinum a'hodes' smooth surfaces df the freshly ignited 
anodes acting favourably, rugged 'surfaces unfavourably. 

' According to the Ger.'Ps. 155805,17.0311, and 173977, of the' 
Niirnberg Consoi^cium fiir chemische Industrip,' the jgeld of 
persulph^.is eskentia.lly increased Jby addirig' fluoridfs to the 
electfSlyfe^ According hs another^patent of that firm (Ger. P; 
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195811), the persulphate is produced by electrolyzing a saturated 
solution of ammonium sulphate, containing free acid, without 
a diaphragma, with a cathodic current-density of at least 20 
amperes per superficial decimeter, without adding any chromium 
compounds (as had been previously done). The free acid 
must always prevail, so that even in the immediate neighbour¬ 
hood tf the cathode no layer with alkaline re*tion is formed. 
The yield, which at 10 amperes per square decirileter is about 
25 per cent., at 50 amperes rises'to 50 per cent, at 150 amperes 
to per cent., and at 300 amperes to ;o per tent of the 
equivalent ,of the current The process has the advantage 
of going on at a low temperature, without specially prepared 
electrodes‘and of yielding a* jiroduct nc^t contaminated by 
chromium compounds.* • 

In the dry state ammonium persulphate is quite stable; in 
the damp state, as in damp air, it soon acquires an acid reaction, 
by being partially deconiposed into normal ammonium sufphate, 
free sulphuric aci#, and oxygen. The solution of the salt, when 
not absolutely pure, has a blug-violet fluorescence, and is slowly 
decompose^ in the cold, more cyiickly on heating, like the 
moist salt, the oxygen mostly escaping in the ozonized form; 


The application of the salt as an oxidizing a^nt takes place 
in neutral acid or alkaline solutions. We mention’the following 
application*. By*ieating it with a solutiotf of aniline sulphate, 
aniline black is formed (Ger. P*. 110249 ^nd 105^57 of the 


Badische Anilin- ujid Sodafabrik). Solutions ol mageifta ^e 
bleached ^.the prSsence of sodium acetaUT SalicyHc acid is 
oxidized into pyrocatechin?, oxyanthraquinoiiie*jnto alizacii^, 
alizarine • into pyrpurise, alizarine ^ bordeaux, an 3 ariAjine 
cyanine. The, application of ammonium * persulphate .in 
photography is 'describfd by Edy ^d Vafenta (Chem.^ Ind,, 
1899, p. 197) and in the Ger. P. jgofigfif thelChemische Fabrik 
auf Aktien vorm. E. Sobering. Namias*(C%«;?. Zentr., 1900, iit, 
p. 8o6)Aeports on the appliaation’of t:he persulphates^ for oxi- 
•dizing and bleaching purposes in the industries of weaving, 
dyeing,*and Bljaching. Peters (Ger. P. 9645^1) applies them as 
depolarkators irf galvanic‘Elements. Knoite describes their 
application as reageflts; (.g^, “ Caro’s Reagent (t'W p,,i^ 76 ) 
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In pharmacy the persulphates are ajiplied in small doses on 
account of their prom*oting digestion; they excite appetite, 
like the arsenites, but without the toxic action of these; larger 
doses may act lethally. According to Bifalini and Vital) 
{Chem. Zentr., 1903, ii., p. 312), they are an excellent counter¬ 
poison in the case of poisonings by strychnine.' 

The detectio'n of persulphate, accprding to Caro [Z, Itngew. 
Chem., 1898, p. 845), is made by adding a 2 per cent, solution 
of aniline sulphate to a neutral solution of the salt, whereby 
an orange-coloured, crystalline precipitate is formed, wliich' 
dissolves in hydrochlorjc acid with yellow colour, passing inlo 
purple on heating. 

The qmntilativ^ analysis of the persulphate is mostly con¬ 
fined to the estimation of the active okygen, which, according 
to Le Blanc and Eckhardt {Zeit. f. Elektrochem., v., p. 355), is 
performed volumetrically by means of ferrous sulphate and 
potassium permanganate. To the soiution of persulphate an 
excess of ferrous sulphate solution is added and the excess is 
■ retitrated by permanganate solution : 

n.jS208-l-2FeS04. = Fe 2 (S 04 ) 3 +H 2 S 04 . 

The results are too low,^ if there is not a sufficient excess of 
ferrous sulphate present,''or if the temperature is too low; at 
6o°-8o° the reduction of the persulphate is instantaneous. 

Ammonium PERcni,ORATL. 

Properties, p. 1325. ’ 

<■ Afvisi (Ger. P. 163993) makes this saluby treating a con¬ 
centrated solution'of 273 parts of sodium''perchlp);ate with a 
strcfiig solutioh of 75 to,77 parts of ammoniuin nitrate. The 
amcn'onium perchlorate is precipitated in the form- of small 
crystals, whith are treated in a hydro-extractor or pres,sed| and 
then recrystallized. , , , r < 

Carlson‘(U.S.'P. 985.724) mixes solutions of sodium per¬ 
chlorate and ainmp'niilm suiphat^;, and a'ilows the' ammonium 
perchlorate to crystallize out at temperatures not belbw 22°. 

'Miolati (Ger. 112682) produces palcium' perchlorate byo 
the electrolysis of a solution of calfcium.chlorjde^ and^makes 
it act upoij,Ji conc'entrated, hot soWtipn of aiAujonium^hloride. 
"Eor ss-paft* CaClj, 54 parts NH^Cj are required. On cooling, 
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the ammonium perchlqrate crystallizes out; it is filtered from 
the mother-liquor and purified by recrykallizing. The mother- 
liquor, containing CaClj, is distilled with lime, condensing the 
ammonia given off, and is again electrolyzed. The process 
goes on continuously, since only the NHjCl must be constantly 
renewed, but the CaClj always returns into the cycle of 
reactions. * • 

Ammonium perchlorate is employed for the manufacture of 
explosives. For this purpose afso ammonium chlorate has been 
proposed, but Witt (Chevt. Zeit., 1910, p. 634) has’shown that 
this salt if not manageable, whilst ^the perchlorate is less 
dangerous. The explosives made with it have been described 
by the ntmes: permonite, jonkite, alkali|ip, persalite. They 
can be made non-seifsitive aghinst blows and friction. In 
the discussion on Witt’s lecture (loc. at.), Frank stated that 
in South Africa consiijerable quantities of perchlorates are 
made by means of water-power. The danger of explosion can 
be reduced, withoBt stopping the detonating quality, by adding 
urea, guanidin, or diegaudiamidin. They are also employed- 
along withciitrates, in which case,the chlorine passes over into 
compounds, and the pit-air is no^t fouled by it. 

Chlorates and perchlorates somefjmes occur in commercial 
nitrate of soda, and *are the cause of the poisonous action 
on plants sometimes observed when employing this as a 
fertilizer. ^ • 

Concerning’ tfie analysis of^ ammoniSm perchlorate, the 
explosives’ factories are very rigorous; they admit only traces 
of impurities, because these frequently enter into troubfesome , 
compounds'with other constituents of the*explosive,s. ‘Most 
factories prescribe to the manufacturers theif dWn.meJhcrtscf 
analysis.' Cf. Lunge’s 'Technical Methods of Chemical Analysis, 
translated by .Keane (i^n), vol. i., jip. 3ij-32j,*and voI.»ii., 
pp. 484-485. 


AMMONIIJM PKt'BOK*ATfe^ 

NH„c 63 -f 3 HjP, is predudfed by dissolving boric qcid in a 
•2-5 per, cent,^ solution of hydrogen peroxide, and precipitating 
the ammonium perborate t>;^ means o£ ammonia in the form 
of whit?, crystalline, scales, which in yie ^ry s£g.te are very ', 
stable. 
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Ammonium Thiosulphate. 

i ' 

Properties, p. 1321. 

This salt, (N 114)28203, is used tp a limited extent for “ fixing 
the halogen compounds of silver in photography. It is usually 
prepared by passing SO2 into a solution of ammonium sulphide, 
(N 114)28. The following, process is stated to yield a very^ pure 
technical ammonium thiosulphate. 1 

The Chemische Fabrik auf Aktien vorm. E. Schering (Ger. 
Ps. 202502 and 202503) prepares that salt by mixing ammonium 
chloride (or sulphate or oxalate) with a concentrated .solutionpf 
sodium thiosulphate, heating to about 100° C. and separating 
at this temperature, by means pf a heated pressure-filter, the 
solution from the .sodium chloride. A highly concentrated 
solution is obtained by introducing 60 parts of finely ground 
ammonium chloride into 150 parts of sodium thiosulphate, 
fused,in its water of crystallization, and thoroughly stirring at 
a temperature of 95° to 100°. The salt collecting at the bottoms 
contains about 80 to 85 per cent. NaCl, and is separated from 
■ the liquid portion by means of a^heatable pressure-filter. It is 
necessary to work at higher temperatures, because' on cooling 
the equjlibrium would be changed again, so that more sodium 
salt would remain in sotjtion along with the ammonium salt. 
The concentrated solution, which contains about 42 per cent, 
ammonium thiosulphate and 17 per cent, sodium sulphate, is 
directly applicable as a photographic “fixing”,bath, after diluting 
it for plates with 3 parts, for papers with 6 parts, of water. 

Ifjn the same way 248 parts crystallized sodium thiosulphate 

ale stirred up with 132 parts finely ground 4'mmonium sulphate,. 

and passed througli a pressure-filter, a filtrate is obtkined from 

Whic)i„nfter adding 20 parts of water, no solid salt is separated 

on tooling. ^ This solution<has a sp. gr. = i ’41, ind contains about 

7p g. ammonium, thiosui'phate per lit'-e. In this solution there 

are 4 molecules ofammoiiinln thiosulphate to i molecule of the 

sodium salt. 

« 


Ammonium PiibspiiATES, ■ 

f 

Properties, p. 7324. 

Both the acid phosphate ot'monammOraum ptosphate, 
(NH4H2PC)4J, and the intermediate, phosphate, or diammonium- 
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phosph’ate, (NH4)2HP04, are commercial products {cf. Th. 
Meyer, Z. angew. Chm., 1891, p. 478,‘and T. H. Vogel, ibid., 
p. 568). 

According to Lagrange,’ these salts are made from super¬ 
phosphate, manufactured in the usual way by treating mineral 
phosphates with sulphuric acid. This product is lixiviated 
with Water and with the aid of steam Injected into the mixture, 
in a methodical way, whereby liquors of 25“' Be. are obtained, 
The residue, consisting principally of calcium sulphate, is 
thrt)wn away. The solution contains free phosphoric acid, 
titbnocalcium phosphate, calcium sulphate, and a little free 
sulphuric acid. First the latter is removed by adding a slight 
excess of barium carbonate; ftu; precipitat^ed barium sulphate 
is separated by filtrarton and •can be utilized as a paint. 
The filtrate, which now contains only phosphoric acid, mono¬ 
calcium phosphate, and very little monobarium phosphate, is 
neutralized by ammonia*in slight excess. This precipitafes all 
the lime as basic*phosphate, which is washed and used over 
again, along with the native phosphate, for manufacturing . 
superphospjjate. The filtered solution contains monammonium 
(acid) phosphate and will test about 20’ Be. It should be 
at that concentration, in order*to effect the precipitation of 
the biammonium phoephate, in the following manner:— The 
above liquor and liquor an»monia; (of 22 Be.)^ arc gradually 
mi.xcd in small vessels, in the 4)roporlion of 1 1 equivalents 
of NIl^ l<f I 'eqaivalent of monammoniiftn phosphate. The 
biammonium phosphate at once Separates out as a,cry.stalline 
mass; but the vessels must be closed, t8 prevent the Escape 
of ammoiii^ whicl? is all the more likely to take^ place, as 
the reaction produces a rise of teii\peratur0» ’After coding, 
the contents of, the vessels form^ a thick^ paste, \raicl) is 
submitt,ed to h;^draulic pressure. The mother-Hquor is used 
for the manul^acture ammonia,; ijie cakes consist of pure 
(NH4)3HP04,«nd are sold to thos?^ sugar-refiners Who employ 
the purifying process*of Lagi^nge.* ^ * , 

WaShburn (U.S. P. 1115*04) makes ammonium phosphate 
•by adding gas'-liquor ,to boiling hot crqde phosphoric &cid 
while b'ubbJjSg steam thfough the ac^d, aftd continuing this 
for sev 6 »al mirfu 9 es after ,tfie addition of th? liquor, to jemove 

‘ Vincent, Indusiri^ii^ Produits ammoniacaux^ pfi04« 
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volatile impurities. Detailed descriptions of his ’process are 
given in his U.S. Ps. 1142068 and 11 S'. 074; a modification in 
his U.S. P. 1167788. 

Bunte and Grahn (Ger. P. 47601) proposed to pass NHg 
from crude coal-gas directly into superphosphate, until this has 
absorbed 7 to 8 per cent. NHg. But as such a product must 
contain sulphoQvanides, vrhich are injurious to the plants, the 
process does not seem to have found practical application. 

According to the B. P. 26726, 1908, and Ger. P. 220020, 
of N. Caro and T. E, Scheele, the employment of ammohwm 
phosphate as a fertilizer up to that time had not been successful, 
because the product cither contained too little nitrogen, or was 
too hygroscopic, or lost ammonia while being kept in stock or 
in transit. This is 'avoided by starting,from crude phosphoric 
acid, as it is obtained by treating calcium phosphate with 
sulphuric acid, and which, besides phosphoric acid and dissolved 
salts, contains also free sulphuric acid." If ammonia is passed 
into this solution, a product is formed wl^ich keeps well in 
stock, which is easily spread out on the soil, and which contains 
about 65 per cent, of substances Enriching the soil. The work 
is carried out in the following wayCrude calciurn phosphate 
is treated with sulphuric acid "of 15 ' to 20‘ B6, employing of 
this an excess of about 16 per cent, over that which is required 
for decomposing the phosphate, in prder to produce a precipitate 
of calcium shl))hate in the solid form. After separating this 
from the solution, .ammonia is added to ^he. lat#er "until a 
slight excess is perceptible? by the smell; the solution is then 
evaporateef, and the residue, if necessary, dehydrated by drying. 
T*he product thus*,obtained contains 20 ta- 25 per cent. NHj, 
and„40 to’45 per,cent, phosphoric aeid in the solubfe iorm. 

• ' ' . 

, Ammqjjium Chro,mates. . . 

Properties, p. r324. 

, The normal' chromate, .(NH^j^CrO^,. is not of technical 
importance, but fne biohromat^ 6r rather pyrochromate, 
(NH4)jCr20„ and the trichromate, (KHJjCrp,,, have been^ 
introduced into the manufacture of explosives. The biehromate 
forms easily solubi’e, gatnet-red moiioclinic cqy^jlaH; li^Hted at 
one point; tl^e salt is quickly decomp6sed all through with fiery 
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glow, and leaves green chromium oxide. The trichromate is 
prepared from the former salt by the acjion of nitric or chromic 
acid. It forms dark red rhombic prisms, very easily soluble in 
water, with liberation of chromic acid; at no" or 120° they 
assume a dark brown colour, and later on they deflagrate 
violently, leaving black chromium oxide. 

Tlip United States Smokeless Powder Co. pi. P. 10684, of 
1894) prepares these chromates by mixing concentrated solu¬ 
tions of sodium chromates and a^nmonium picratc; the sodium 
pictate, which is very little soluble, is separated by crj^stallization. 

.Chromates in the pure state are obtained by electrolyzing 
the solution of an ammonium salt *vith employment of a 
diaphragm, and an anode coni-sting of chromium or an alloy 
of it. The applicatioi^ of such*anodes c«n be avoided by 
employing some insoluble anode, if the electrolyte is a mixed 
solution of chromium .sulphate and ammonium sulphate; care 
must be taken, by adding lime, to keep the liquid always in 
the alkaline state (^er. Ps. 143320 and 14O491). 

Ammonium P'ormatk. 

Properties, p. 1325. 

This salt has recently acquired interest since it has become 
possible to build it up synthetically from the elements. If 
a mixture of gases containing hydrogen, oxygen.ajid nitrogen, 
together with carbon monoxide the technical “ water-gas ”), 
is in the pfesefice* of a porous catalyzing*agent exposed to 
dark electric discharges {cf. B. P. 22*00, of 1903), at a temperature 
over 80°, formate i» produced, whilst at temperatures belov# 
80° only anjnionia is*formed.^ Cf. H. Pauling’s U.S. P, 77 ® 543 i 
and Ger. P. 157^87. • 

According to Ger. P.»ni078 amnionium fo/mate is trans- 
forme*d iff heating into oxalate. By abiding som^'oxalate on 
the outset, according to Ger. P.,i44i^o,ihis process is^ simplified 
and the yield increased. The same reselt is obtained, according 
to Ger. P. 16*512, by the a^di^on of al^afi. 

AMHiONIUM ACliT.\TE. . 

Pro^^iesTp.*;i25.' 

W. Smith (B. P. >8693/0' 1891) inaflufactures'^minonium- 
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I'?:- ^ ' t •,»''■ 

sfi!: acetate from crude grey acetate of lime by dissolving this in a 

^ ^ little water, settling, mining the clear Jolution with more than 

its equivalent of a concentrated solution of sodium sulphate, 

' filtering the solution of sodium acetate from the gypsum formed, 

I;' evaporating to dryness, distilling the dry salt with sulphuric 

.* * acid, neutralizing the distilled acetic acid with lime, evaporating 

the solution, heating the' pure calcium acetate formed jvith a i 
solution of ammonium sulphate to W or 8o°, and separating 
, the solution of ammonium acetate from the calcium sulphate. 

According to R. Ps. 16093, ^890, and 5501, i89i,ammonkim 
I • acetate may be employed in the manufacture of white lead. 

Considerable quantities of it are used in the Inanufacture 
of aniline colours, and in dyeing, in the place of caustic or 
carbonated alkali. *’ , , 

Ammonium Oxalate. 
i Properties, p. 1325. 

' The neutral salt, (NH,).jC204+H.,0, i.s'found as such in 

Peruvian guano; it has no technical interest. The arid salt, 

, NH4. HCp^ + HjO, is employed in photography/dyeing, and 
,' tissue-printing. 

G. Muth (Gcr. P. ap'pl. M40486) dissolves alkaline oxalate 
in the solution of an ammonium salt, e.g'., of ammonium sulphate, 
t and allows the solution to crystallize. Since sodium oxalate 

'll is much more soluble in siolutions of arnmonium ^Its, e.g., 

ammonium sulphate, than jn water, a certain excess of the 
ammpnium salt mu^t be employed in order to obtain a complete 
'j ' decomposition of.the alkaline oxalate. 






CHAPTER XVI 

MANUFACTURE OF SULPHATE OF AMMONIA 

In several previous places of this treatise we have described 
the direct preparation of sulphate of ammonia from the products 
of the destructive distillation of fossile fuels (pp. 1175, 1196, 
1204,1208, 1214,1236,1239). In this chapter we treat of the 
manufacture of this salt from the ammoniacal liquor, obtained 
in gas-works, coke-works, and other industries. 

Most of that ammoniacal liquor is worked for sulphate of 
ammonia. In Great Britain this has been done much earlier 
and on a vastly superior scale than on the Continent. In 
Germany it was hardly ^t all done before the year 1864, in 
which the firm of Vorster & Griineberg erected a factory of 
ammonium sulphate at Kalk, ne;ir Cologne, which was very 
successful and led to the introduction of this industry in other 
places. But up to 1880 the production in Rhiqeland-Westphalia 
amounted only to 1250 tons, and very little indeed was made 
outside that disf'-ict in Germany. Nowadays Germany has 
left Great Britain far behind, as we shall see later on. 

The oldest way of preparing ammonium sulphate from 
ammoniacal liquor, which in some places ^producing small 
quantities of it is carried on up to this day, consists ip the 
direct saturation of the liquor with sulphuric acid, and evapora¬ 
ting the solution down to the crystallizing point. This style 
of work yields a discoloured product, strongly contaminated 
with impurities, of which some, e.g. ammbnium sulphocyanide 
(thiocyanate), greatly reduce iti valua as a fertilizer. 

Another process, which has been carried out for many years 
past, makes use of the solutions of Various sulphites of heavy 
metals, eg. of irontand manganese, for purifying tfce gas from 
hydrogen sulphide, cyanogen, ett., and leads to obtaining the 

HU 
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ammonia, present in the gas, in the shape of sulphate, crystal¬ 
lizing out on evaporation. 

A further process consisted in bringing the amraoniacal 
liquor into contact with calcium sulphate (plaster of Paris) by 
means of filters or mechanical stirftrs. The ammonium 
carbonate reacts on the calcium sulphate with formation of 
ammonium sulphate, remaining‘in solution, and of insoluble 
calcium carbonate, removed by filtration. But this pfocess 
caused the loss of several other salts qf ammonia, which 
do not react like the carbonate, and had to be abandoned. 

Nowadays practically the only way of manufacturing 
sulphate of ammonia from the ammoniacal liquors obtained in 
the manufacture of illuipinatin^-gas, coke, etc., etc., is the 
distillation of the liquor, which has been already described in 
detail in the last chapter. By this process the volatile com¬ 
pounds— free ammonia, ammonium carbonate, sulphide, sul- 
phydrate, etc.—are driven off by the action of steam; and the 
non-volatile compounds—sulphate, sulphite, chloride, sulpho- 
cyanide, ferrocyanide, thiosulphate, and thiocarbonate — by 
means of heating with lime, furnish ammonia in the free state. 
The whole of the gasesjand vapours evolved, mixed with steam, 
are carried for absorption into receivers or “saturators,” con¬ 
taining sulphuric acid of such a degree of concentration that, 
owing to the evaporation of water by the hq^t of neutraliza¬ 
tion, a crystallizing solution is formed, from which the solid 
ammonium sulphate, excreted in this way*i.s constantly removed. 
On one side the saturator receives constant!^ fre.sh sulphuric 
acid, as well as the mixture of gases and vapours from the 
ammonia stills; on the other side the solid ammonium sulphate 
is just as regularly taken out, and needs only drying to be fit 
for sqjiding into the trade^ The other constituents of the raw 
liquor, which have passdd into the sulphuric*bath in the shape 
of volatile compounds, mainly darbpn dioxide and hydrogen 
sulphide, are driven out and carried away by the escaping 
steam. We shall give more details on this later on, when 
describing the saturatora 

ApparalHs for Manufacturing Sulphate of A minonia. 

The nursber of apparatus proposed, andVven that which is 
actually employed, for working gas-liquor or other ammoniacal. 
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liquors is very great; a complete enumeration of them would 
not serve any useful purpose, and will not even be attempted 
in this treatise. Many of them are more or less unsuitable 
or quite obsolete. 

Most of the apparatus mentioned below serve only for the 
production of sulphate of ammonia, but some of them answer 
equally well for preparing from gas-liquor, etc., a concentrated 
crude*solution of ammonium carbonate and sulphide, for the use 
of ammonia-soda works or any other purpose, in order to save 
the comparatively excessive expense of carriage of the ordinary 
dilute gas-liquor. Some of them are also intended for making 
liquor ammoni®, but this is best done by special apparatus, as 
described in Chapter XV. ' ^ 

We shall not detain ourselves with describing the simple 
boilers formerly in use, sometimes along with a sort of imperfect 
dephlegmating apparatus, but shall at once proceed to the 
description of apparatus more calculated to save fuel and labour. 
We begin with the older apparatus; after these we shall 
describe the more perfect continuously working stills. 


Coffey Still, 

We shall first, in Fig. 299, givtf a sketch of the combination 
of apparatus enjployed at a London works, where 100,000 
gall, of gas-liquor are worked up per "day, representing 
the product of 6 pofiOO toqs of coal per annum. The liquor 
arrives in canabboats. A, and is pumped up by the pump a 
into a large settling-tank, B, where it remains for twenty-four 
hours.* It is then pumped by the donkey-pump b into a 
“ Coffey ” still, C, 30 ft. high, 12 ft. long, and 5 ft. wide, into 
which steam of 2 atmospheric pressures is blown by five Wibes. 
Here the volatile a'mmoniura compounds are sq)arated from the 
water and the non-v 61 atile salts, which are usually run away 
into the canal because they contain only ^-5 per cent, of the 
NHj, and, according to the view Jield ih that place, dq not pay 
for working off with lime. [This is •an assertion frequently 
made, but probably guite erronepys.^ 

The volatile ammonium compounds {)ass oiit''of the top of 
the still through ^ 2j-in. worm, perforated with numerous 
.|-in. holes, into the cylindrical saturator' D, made of strong 




Fig. 299. 
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lead (20 lb. per superficial foot), the lower two-thirds being 
strengthened by strong planks bound with iron hoops. It is 
6 ft. high, and 10 ft wide, and is filled up to two-thirds of its 
height by means of the funnel-tap d, with a mixture of equal 
parts of sulphuric acid of 140" Tw. and water, which remains 
in the apparatus till it is completely saturated. The acid 
is purposely diluted, to prevent the salt from crystallizing 
within the saturator. When the saturation is completed—as 
witnessed by the ^liquor showing only a very faint acid 
reaction—steam is blown through for a quarter of an hour, 
to drive off all the sulphuretted hydrogen. The vapours 
evolved in this process and during the whole opejation pass 
through the air-condenser E,'to coijdense the moisture which 
is carried along, and then through a 7-in. metal pipe into 
the burner F. This is a square brickwork chamber, about 
5 ft. wide, 8 ft. long, and 4 ft. high, loosely packed with 
firebricks, which are made red-hot before the commence¬ 
ment of the operation. Here 4 :he hydrogen sulphide takes 
fire, and is kept burning afterwards by its own heat. The 
hot gases pass through a steam-boiler (indicated at G), where 
their heat is partly utilized, and thence into a chimney, in 
which no smell at all of hydrogen sulphide can be perceived 
[but what becomes of the sulphur dioxide formed?]. The 
solution of salt is run from D through the pipe e into the lead 
pans H, 8 ft. in diameter, 2 ft. deep, made of 20 lb. lead heated 
by a steam-coil working |t a pressure of two atmospheres. 
There is no smell perceived here. The ammonium sulphate 
crystallizing is fished out with a wooden itpade, washed a little, 
and drained on a wooden floor. The mother-liquor serves for 
diluting the acid in the saturator. This process (r>., saturating 
with dilute acid and evaporating thq solution) is preferred to 
the continuous running-in of acid aVid 'fishing-out of salts, 
because the result is more satisfactory. * 

Coffey’s still was originally constructed for rectifying spirit of 
wine, but has been employed for many similar purposes—for 
ammonia first by Newton, in 1841. ‘Fig. 300 represents the 
shape employed for spirit of wing; that employed for ammonia 
is essentially the satfie; but wool/lined with lea^^s substituted 
for copper. It consists of an oWng vessel B, and* two super¬ 
posed columns, CDEF and GHIK. Thd former is called the 



COFFEY STILL 


U19 


analyzer, the latter the rectifier. The latter is made of 6-in. 
wood lined with lead, so that little heat is lost by radiation. 



B is divided into two' chamber.'}, B'B", by the horizontal dia¬ 
phragm d, wflich is perforated with numerous apertures for the 
passage of the vapour, and is, moreover, furnished with several 
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valves opening upwards, e e, in case of more vapour being given 
off than can escape through the apertures. A pipe, v, reaches 
nearly tO' the bottom of B", where it dips into a hydraulic lute; 
it can be opened or shut off by a valve attached to the rod t, 
which passes through k stuffing-box at the top. x x are liquor- 
gauges for B' and B". The analyser CDEF is divided into 
twelve chambers,/// by shebt-iron diaphragms,jf//; these also 
cont&in many perforations, as well as valves opening upwards, 
0 0 ; also overflow-pipes, p, projecting about an inch above each 
plate, so that a corresponding depth of liquid always remains on 
each diaphragm. The pipes p reach down to the next lower 
diaphragm, where they dip into hydraulic lutes (tr%ps), so that 
no steam can escape through them; they are inserted at 
alternate ends of the diaphragms. 

The rectifying-columu GHIK is iif a similar manner divided 
into fifteen chambers. The lower ten of these are filled exactly 
like those of the analyzer, their diaphragms being furnished with 
perforations, valves, and ovcrflew-pipes. The top chamber of 
these ten is covered by a metallic diaphragm, with only one 
large opening at w for the pa,ssage of vapour, and an overflow- 
pipe s. w is surrounded by an upright flange, which'prevents 
the return of the most rectified liquid into the lower part of 
the column, j is closed by a hydraulic trap of much greater depth 
than the others„from which a pipe,/, carries away the condensed 
but still very hot liquid into a worm or othef refrigerator.’ The 
upper five chapbers, z', ,are formed by plain unperforated 
diaphragms, with openings at alternate ends large enough 
for the passage of both vapours and liquid; their only use is 
to cause the vapour, to pass along the pipe m in a zigzag 
direction, so as to enlarge the cooling-surface- The pipe in runs 
through all the fifteen chambers in a iwgza^, as shown in Fig. 301, 
the bends / / (Fig.’300) forming the connectioif between the pipes 
of the different chamTDers,.thus constituting one continuous pipe 
leading from the pump 0 upwards, then downwards through all 
the chambers of the rectifier, agjiin rfsing upwards outside, and 
finally ending in the analyzer at M is the store-tank for the 
liquid to be ‘rectified; L, the usell, for the pumj) 0 , which is 
working continuously, and supplies rather more liquor than is 

m • 

‘ This can be omitted in rectifying gas-liquor, except when liquor 
ammonite is to be made in the apparatus itself. 



COFFEY STILL 


1421 


necessary to keep the apparatus going; the surplus runs back 
into M through a pipe, n, furnished with a stopcock by which 
the operation can be exactly regulated. The necessary heat 
is supplied by the steam from the boiler A; the steam-pipe b b 
within the receiver B" branches into’ a number of smaller 
perforated pipes (these are not shown in the diagram). 

An operation is commenced by setting the pump 0 in 
motion, till all the zigzag pipes, m m, are filled and the liquor 
passes into the analyzer at n'. The pump js then stopped, and 
steam is let into the still through b b\\\. passes up through the 
receivers B" B', then through the pipe z into the analyzer, passes 
into f, in wjiich it descends, and enters the bottom of the rectifier 
at G. It then rises through the' chambers X X, surrounds the 
zigzag pipes, and heats the liquor in them. When the attendant 
by feeling the bends 11 perceives that perhaps eight or ten of 
the chambers of the rectifier have be¬ 
come heated, he again sets the pump 
to work. The gas-liquor, now nearly 
boiling-hot and always in rapid motion, 
flows from n into the analyzfr and 
downwards in this through the overflow- 
pipes p p from chamber to chamber, as 
shown by arrows in tlie top'chambers. 

It cannot pass down through the per¬ 
forations of the dfaphragms, whose number and size arc so 
regulated that they are only just sufficient to^ afford a passage 
for the vapours upwards when under some pressure. Steam 
and vapour thus paSs in each chamber in numerous jets 
through a thin stratum of liquor, and sq completely expel all 
volatile ammonimn salts that in B no trace of these can be 
founck When the water,gauge x shows that B' is nearly full, 
the valve at t is ftpehed'and the contents oT B' are discharged 
into B". When this is also full its £onte*nts are discharged by 
the tap N, the contents of B' are again run into B"; and in 
this way ihe process gods on ,so long as there is any liquor 
to be distilled. The bdling-hot spent liquor running from 
B' serves to^raise the tempejature of the^ water intended for 
feeding the st^am boiler A. , 

Having flow followed the liquor in its coiIVse onwards to the 
point where it is deprived of all volatile ammonia, we will trace . 



Fig. 301. 
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the course of the steam. This in its passage through the twelve 
chambers of the analyzer takes up a large quantity of ammonia, 
and is partly condensed to water. The remaining mixture of 
steam and vapour at i passes into the rectifier, surrounds the 
pipes m m, heats their contents, and by condensation parts with 
more of its watery portion, which condenses in a boiling state 
on the various diaphragms. What escapes through iv is nearly 
pure ammonia; and this, after being further cooled m v v and 
having lost the last, portions of water, escapes through R into 
the saturator D, Fig. 299. 

If liquor ammoni® is to be made, the gas-liquor must be 
mixed with lime. In this case less steam is blown-in, so that 
the chambers v v remain at the ordinary temperature, and from 
the pipe/ strong liquor can be obtained at will, passing at first, 
by preference, through a refrigerator. The water condensing 
lower down in the rectifier contains a little ammonia, and hence 
runs back through ^ into L, in order to be pumped up again 
by 0. * 

The operation is mainly regulated by observing the thermo¬ 
meter HI, which shows the temperature of the liquor issuing 
from n. Whenever the liquor is too ho^, more liquor is let into 
the apparatus, or vice versd, which can be effected at will by the 
overflow-cock n. ■' 

According to. the requirements of certain works, Coffey stills 
are made more or less wide and high, with a corresponding 
number of steam-pipes and. chambers. Such stills hardly pay 
when less than jo,ooo gall, of liquor are worked up per day. 

Sometimes they are made much less elaborate than is shown 
in the- above description, plain shelves (up to sixty in number) 
springing from opposite sides of the tower, and being so made 
as to retain upon them a thin layer of liquor, the excess of 
which runs over the free edge of one partition to the next 
partition below it, arid so.on to the bottom. Something like 
this has been patented by Brulle and L^clerc (B. P. 1086, of 
1880). 

At one ammonia-works the Coffey stills are from 18 to 25 
ft high, 6 to *10 ft long, and i.or 2 ft wide, vvith 20 or 30 
diaphragms, 3 in. apart; at ,the top there 's a space of 
6 in., at the bottom another of 2 ft (in lieu of the receiver 
B, Fig. 300). Steam of ij to 2 atmospheres is employed. The 
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liquor used in this]works is Tw. strong; the solution of 
ammonium sulphate is boiled down to 52° Tw. before it is 
allowed to crystallize. 



Horhontdl tylindrical S'tills. 

At anoifher ammonia-works the gas-licfuor is distilled in 
horizontal cylindrical stills, A (Fig. 302), holding 10,000 gall.,. 

‘ ' 4X 


























U 24 MANUFACTURE OF SULPHATE OF AMMONIA 

and charged with 7000 gall, each time. The heat is applied 
by somewhat superheated steam in a closed coil. It is prefer¬ 
able to employ gas-liquor of not less than 5° Tw., or, say, 
10 oz., without addition of lime. Experience has shown that 
the loss, including thO’ fixed ammonia, is always 1 oz. per 
gallon; so that from a i6-oz. liquor, sulphate equal to 
15 oz. is obtained (?). The vapours issue through a lead coil, 
a, perforated with {-in. holes 6 in. apart, into a lead saturator, 
B, strengthened by planks and hoops. This is charged with • 
sulphuric acid of 47° Tw. from the tank C, which is filled by 
means of an air-pressure apparatus (acid-egg).i The vapours 
escaping from B pass through the 8-in. pipe b into the closed 
vessel D, where they circulate in the coil c\ the fiquid con¬ 
densate runs away at d. D is filled with gas-liquor, which is 
thus heated and serves for feeding A. From D the vapours 
issue at e-, they are now cooled by air through travelling round 
the works in a pipe 300 ft. long, in which nearly all the water 
condenses, and are at last conveyed into the furnace E, where 
a fire is kept up with small coal. Air enters at /; and the 
combustion of the hydrogen sulphide is completed by causing 
the gases to pass along, the red-hot arch g. The sulphur 
dioxide escapes into the air. 

The solution of ammonium sulphate from B runs into the 
settler F (9x9x2 ft.), and from this, through a tap, 4 in. 
from the bottom, into the boiling-down pqn G (20 ft. long, 

5 ft. wide, 2 ft. deep, half of this being straight, half conical). 
The heat is applied by means of the steam-coil h ; the vapours 
pass away by the hood I.^ 

Continuous Saturation Apparatus. 

F'g- 3^3 is a sketch of the apparatus in operation at alarge 
London works, where lime is employed and where continuous 
saturation is preferred. The gas-liquor is pumped at a into a 
column, B, which it traverses from the bottom to the top in 
many pipes, the empty space being filled by the hot gases from 

' Cf. Lungejs Manufacture of Sulphuric Acid and Alkcdi, voL i., 4th 
edition(i9i3), pp. * 

* An exact description and diagrams of the steam-heated concentrating- 
pan, merely sketched Here, is given in Lunge’s Manufacturi- of Sulphuric 
Acid and Alkali, 4th edition, vol. i., pp. 1098 et se{. 
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the saturator A, which thus raise the temperature of the liquor. 
The latter now passes into a square iron column, C, about 
3x3x20 ff., packed with retort-graphite. In this the gas- 
liquor descends, whilst steam enters through a' and expels the 
volatile ammonium salts,'which escape at b. The liquor passes 
into D, a small reservoir intended to feed the horizontal still E, 
in which it is mixed with lime 5 the steam let into this effects 
both the agitation and the distillation. The vapours escape at 
b' and unite with those from b before passing into the saturator 
A. This is a large lead vessel, continually fed with a thin jet of 
sulphuric acid of 140" Tw. It is adjoined by the box d, open at 
the top; the partition does not reach quite to the bottom, but is 
always kept luted by liquid. The sulpfiate of ammonia at once 
separates in a solid form, is raked out on the sloping bottom of 
A into d, fished out with perforated spades, and drained on the 
drainer e. The mother-liquor always runs back into A; the 
drained salt is at once sent into the market. The hot mixture 
of steam and gases, escaping from. A, first passes through/into 
B in order to heat the gas-liquor (as mentioned above), then 
through g into a vessel, F, where it is forced through water by 
a Korting’s blower, h, and is thus wasl^ed and cooled. The 
complete cooling and condensation of the steam, which would 
otherwise be a drawback in burning the hydrogen sulphide, is 
effected in the columns G G G, pierced by numerous pipes, 
passing right across, so that abundant air-cocling takes place; 
and the liquid can run ott below. In summer cold water is run 
upon these columns from the pipes k k k. The cool and dry gas 
is conveyed by i into the furnace H, where it passes through a 
coke fire, with access of air, and where HjS is burned into SO.^, 
as in the former case. .. 

This apparatus seems to be one o( the best of the ojder 
forms. Each set as described is equal to the production of 100 
tons sulphate per week. Recently the burning of the hydrogen 
sulphide has been given up, and it is, iiistead, absorbed in 
ordinary oxide of iron purifiers, ^hich, however, do no.t appear 
to give full satisfaction. 

' Dutch Apparatus. 

At a Dutch works I saw the following apparatusThree 
horizontal cylindrical boilers are worked in a set The first two 
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of these receive milk-of-lime, but this is only pumped in after 
most of the volatile ammonia has been expelled. The gases 
and steam pass through the third boiler and then into the 
saturator, which is of the usual form. The hydrogen sulphide 
and other noxious gases, given off in the closed part of the 
saturator, are conducted away in a pipe and are cooled down, 
first by cold'ammoniacal liquor, then by cold water, whereupon 
they are passed into a small coke fire, above the grate, in order 
to be burned. The whole saturator, inclqding the open part, is 
covered by a large wooden hood, from which a pipe leads to the 
high chimney, so that there is no stench even from the open 
part of *-Jie saturator. The acid used is = 6o° Baume (sp. gr. 
i-yi), and the fishcd-ouUsalt is dried on iron plates, heated from 
beneath. 


Apparatus of A. Mallet. 

This apparatus was constructed as early as 1841, but a 
number of them were still ht work at the time of my visit 
at the ammonia-works belonging to the Paris Gas C'ompany, 
which proves that it must ba one of the most serviceable 
forms of the older tjtpe of ammonia-stills. It is represented 
in Fig. 304 in longitudinal section, in Fig. 305 half seen 
from above, half ground-plan, in Fig. 306 back elevation. 
It consists of two sets of three stills eaeh. A, B, and C, 
holding above 1000 gall, apiece, A and B being heated 
by direct fire. They are providSd with agitating-gear, H H, 
passing through glands in the covers, for'mixing the gas- 
liquor and lime an 3 for preventing any burning on. C serves 
for washing the vapours from B, and is at the same tjme heated • 
by these. From* D the vapours enter a worm, about 70 or 80 
ft I8ng, placed in ^le fftnk F and cooled.by gas-litiuor. The 
liquid here cqncfensed flows intes S, and ^ence into the collector 
Y. The gases leave the upper patt of S and pass through an 
air-cooled worm, T, through the pipes U (provided with a 
safety - apparatus), and, into'the absorbing.-vessel V. The 
products condensed in T run back into Y. , 

The gas-jiquor, fr,eed fronf tar, is drawn through the tap a 
into the ragasmring-vessel G, which at the bottom is connected 
by a tap with the pooler Fa pipe, brancTiing off at the top, 
leads to the milk-of-lime pan*E. The vessels A, B, C, D arc 
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connected at the bottom by the pipes K, L, N, and at the top 
by the pipes I, J, which reach nearly down to the bottom of 
B and C The pipe M takes the milk-of-lime from E into B. 
Through the pipe 0 the contents of the vessel Y can be 
emptied into the vessel D. The pipe P carries to G the 
vapours given off in the cooler F. Z is a three-way cock, by 



Fio. jo6. 


which the pipes condected wfth D can be alternately put into 
communication. In 0 is the fire, which frst travels round A 
and then underneath B. R R^are 15 ad-lined wooden drainers 
for the ammonia-saltSf X is a leadbn tank for the mother- 
liquors, which .go back to V. ^ „ 

The saturators are usuaUy^made of* wood ^nd lined with 
lead; the ammonia-gas issues through a horizontal lead pipe, 
, lying at their bottom, into the ^cid or the water. The saturator 
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has an air-tight cover; and the non-condensed gases escape 
through a pipe into the fireplace of a steam-boiler, in order to 
be burned. 

If caustic ammonia is to be prepared, before distillation a 
quantity of lime sufficient for decomposing all the ammonium 
salts must, of course, be put into the still, to avoid contamination 
of the product. For making aihmonium chloride or sulphate 
much less lime is required; and sometimes none at 'all is 
employed, the small quantity of fixed ammonium .salts being 
given up as lost. The liquor ammonia obtained is only of the 
crude amber-coloured quality. 

In actujil practice only a small portion of the gas-liquor in 
E is mixed with lime, hal£an hefur before the operation; most 
of the liquor is run from G into F, where it serves as a 
refrigerant and is itself heated in the process; for this purpose 
it enters the vessel at the bottom and leaves it at the top. 
The stills are provided with safety-valves and water-gauges. 
At the end of the process the. liquid is run away into a main 
drain. 

The worm in F is 2 in. wide and has nine coil.s. The worm 

» 

T, when, instead of Ijquid ammonia^ ammonium sulphate is 
made, is replaced by a cylinder 10 ft. high and 4 ft. 6 in. wide, 
into which the gas-delivery p>pe from S enters and passes down 
nearly to the bottom. This cylinder is kep^ about one-third 
filled by means of an overflow-pipe shaped like an inverted 
siphon; the overflowing liquid is coHfcte(^ in like that coming 
from S. From that cylinder the gas pas.ses first through an iron 
pipe, provided with a*Welter’s safety-tube to prevent any liquid 
from being forced back by atmospheric pressure, and then into 
a large lead tank, into which it issues from two lead pipes, lying 
at th» bottom and perforated by many holes. The tank is two- 
thirds filled with* sulphuric acid of 53° B(? = 116° Tw.,' and 
provided with’ a roof-shaped cover, frorfi which the escaping 
gases (carbon dioxide and hydrogen sulphide) are carried 
into the cjiimney by meafis of^ wood conduit. The sulphate 
crystallizing out is fished out from time to time, drained on 
sloping lead, plates, and dried,in a stove or upon'metal plates 

heated by sorfij waste'heat. , 

» • 

' Where such acid is. employed, the temperature of the entering gas 
must be 80° if the siflphate is to crystallize out continuously. 
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As soon as a sufficient quantity of liquid has collected by 
condensation in the vessels Y (say once an hour), the three-way 
cock Z is for some minutes adjusted so that the gas from D 
passes no longer into the worm F, but into Y (this is best seen 
from Figs. 303 and 304). Its pressure forces the liquid from Y 
through 0 into D; so that no pump is needed for this. The 
pipe 0 must reach down to the bottom of Y. Every three 
hour^ the contents of A are run off, and those of the succeeding 
stills B, C, and D aje run a stage lower down. 

Each apparatus is charged with 12 hi. (say 270 gall.) 
of liquor, and six operations are made in twenty-four hours, 
with an expenditure of about 12 hi. of coke as fueWin tw'enty- 
four hours, and of 130 litres of slaked lime for each charge of 
1200 litres of liquor. Each cubic metre (or ton) of gas-liquor 
of 3"'5 Baume ( = 8'’'5 Tw.) yields fo kg. of sulphate; each 
apparatus yields, therefore, about 500 kg, of sulphate per 
twenty-four hours. 

At La Villette at the time 6f my visit a daily quantity of 
10 tons ammonium sulphate was manufactured in ten double 
Mallet’s apparatus, and 5 tons liquor ammonise in four apparatus. 

A drawback of this Apparatus is, tlipt no proper provision 
is made for dealing with the hydrogen sulphide; it also contains 
a number of unnecessary compfications, and is undoubtedly 
inferior to the mpdern steam-stills of Grtineberg and Feldmann. 

A. Mallet later 01; improved his apparatus by replacing 
the w'orm-condei;sers by i^)right tubular condensers, sitpilar 
to those shown'In the benzol rectifying-apparatus. Figs. 189 
and 196 (pp. 909 and 926), and by the addition of a rectifying- 
columfi, similar in principle to those in use for spirit of wine, 
etc. also p. 1400. 


Sriine^er^s Apparatus, 

For the general principles of this, we refer to pp. 1347 etseq., 
where his apparatus for concentrated gfas-liquor is destribed. 

The apparatus. Fig". 307, serves for producing ammonium 
sulphate. The gaseous mixtuft*passes.through^’ and alter¬ 
nately through M and ¥ to the saturators K** K", con¬ 

taining sulphuric acid. Considerable heat is evolved by the 
combination of thi^ acid_ with* ammonia, so as to vaporize the 
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excess of water present in the acid [provided the latter be not 
much under 130" Tw.]. The vapour thus generated, together with 
offensive gases (CO„,H.,S, etc.), pass along the large pipe « and 
into the vessel K, where their heat is utilized for a preliminary 



* Fig. J07. 

heating of the gas-liquor, which passes af S into a coil or set of 
pipes, in order, to be conv9yQC> through I, into'the column. 
From E the yneondensed gases fiass through^r’ into a fireplace 
g, where the offensive, gases arp consumed. The ammonium 
sulphate separatefl in K' and K'',is put iijto the drainer Y, 
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provided with a perforated false bottom; the mother-liquors 
collect in M. 

The coal used averages i cwt. for each ton of gas-liquor 
passed through the apparatus; the lime, 15 or 20 per cent, of 
the ammonium sulphate produced. Two men can attend to an 


1 



Fig. 308. 


apparatus capable of distilling 10 tons per diem. Suc& an 
apparatus, without the lime-vessel, is 10 ft. high and 5 ft. wide; 
the column and lime-vessel add another 8 ft. 

Some minor improvements of Griineberg’s apparatus are 
contained i'n'the Ggr. Ps. i544S,and 18852. » 

Practical experiences with.Griineberg’s ammpnia apparatus 
have been described by Kunath and Blum {Fischei^s Jahresberl, 
d. chm\ Techn., for 1884, p. 3F1). 
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The author owes the following further statements to the 
kindness of Dr Griineberg. The two boilers A and C were 
later on made in one piece, of cylindrical form. The, lime is 
introduced as sifted milk-of-lime by a membrane-pump. The 
milk-of-lime reservoir is an oblong iron tank with a vertical 
division, consisting of a fine .sieve. The crude gas-liquor is 
now gradually heated in the following way, as shown in 
Fig. 308. 

a is the top of the column, h the gas-pipe, c the liquor- 
heater ; d, inlet for cold gas-liquor; e, overflow of the .same and 
conduit into the column; /, outlet-pipe for the cooled gas. 
When heating the liquor in this way, the acid employed in the 
saturation m*ust be of sp. gj.= 142'’ Tw. If weaker acid (106°) 
is to be employed, the heating of the liquor must be produced 
by the waste heat of the gases from the saturator, in order to 
have‘a sufficient evaporation in the same. If the object is 
making concentrate_d gas-liquor, the gases must be cooled 
as much as possible, and for thi^ purpose there is on the upper 
part of the vessel c a worm,,^ //, through which cold water is 
constantly running. 

A complete apparatus for sulphate, of ammonia with lead 
saturator, liquor-heater, Stc., for 10 tons gas-liquor costs 3500 
marks ( = ;^i75). There were«then more than fifty of these 
stills at work. 

r 

Apparatus of Griineberg and Blum. 

While the older Griineberg stills are adapte< 3 ,to direct firing, 
a modification has baen patented by Griineberg and Blum 
(Ger. P. 33320), which seems preferable in all cases where there is 
steam at disposal, fig. 309 shows the app'aratus as adapted to 
the maiiufacture of sulphate of ammonia. In the coluq^n a the 
volatile NH.j is expellad by steam, in B the fixed NH^ by milk- 
of-lime, which fs completed in C Ip' opon steam. In the 
saturator D the NHj is absorbed in sulphuric acid. The gas- 
liquor descgnds from a into*B and C, where it is well divided by 
the steps, and is intimately mixed with .steam, knd completely 
deprived of the spSnt liquor issues at r. .The milk-of- 

lime is pumpSiJ by the hanS-pump H 3 t intervals of ten 
minutes into^. The tubular heater E, Ijeated by boiler- 
steam, prepares the gas-liquor before entering the column. The 
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ammonia vapours pass through p into the saturator D, made of 
wood lined with lead, and filled with sulphuric acid, about 1-4 to 
1-45 sp. gr. The inverted lead bell g compels the vapours to 
bubble through the acid. The unabsorbed gases pass through 
/ into m, where mechanically carried-away particles of liquid are 
retained. The residual gases are treated in the usual manner. 
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the heater, since, if it gets into the lime-vessel, carbonate of 
lime is formed, which obstructs the apparatus. A tap at the 



bottom of the «ellular heater admits of tabing samples, which 
are tested with thloride-of-calciilm solution. , If this produces 
a precipitate of calcium-carbonate, more steam must be admitted, 
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to complete the driving off of the ammonium carbonate. The 
waste liquor should not contain more than 5 parts NHj in 
100 , OCX). . The gas-liquor must be first well purified from tarry 
matters, which clog up the overflow-pipes of the column. 
Obstructions by carbonate of lime occur mostly in the small 
tubes within the lime-boiler; if this happens, the apparatus 
must be stopped, the manholes opened, and the pipes' taken out 
to be cleaned. 

Fig. 310 shows five Griineberg-Blum apparatus as erected at 
Messrs Kunheim & Co., near Berlin, working-up together 150 
tons gas-liquor in twenty-four hours. 

These ammonia-stills are made in six different sizes, to distil 
from 1300 to 6600 gall, of gas-liqqpr per twenty-four hours. 
According to trustworthy evidence, they answer very well 
indeed: the ammonia left in the liquors is, on the average, not 
above 0-05 per cent.; there is but a small consumption of 
steam, very little labour, no nuisance, anc^ no trouble. 

In /. Gasbeleucht., 1901, p.,,895, Blum describes an auto¬ 
matically acting pump for the milk-of-lime with automatic 
action. 

Watson Smith (Ji/dustries, 1886, p. 242) gives the 
following calculation for distilling in a ftriineberg-Blum still the 
gas-liquor obtained in carhonizhig 35,000 tons of coal, viz., 
about 35,000 tons of liquor at 5I' Tw. 

Tons! Price. 

' s. I). £ s It. 

Sulphuric acid, 142° Tw. .' . . 389 40 o 778 o o 

Lime . .. . . . 71 , 12 6 44 7 6 

Labour—4 men 50 weeks, at . . . 25 0 250 0 0 

Coal ■ . . . . . . 175 8 o 70' o o 

Casks and packing .... ...«. ... 155 12 o 

Sundries, repairs, etc. . . ... ij^ 14 o 

Uepreciat'ion of planf, ^300, buildings ,£1561; » 

total ^450—at . • I ■ .... m p.c. 45 o o 

Interest on plant ancT tuildiiigs .£450, land 

;£ioo: total ;£55 o— at . . . 5 p.c. 27 10 0 

Gas-liquor 5i* Tw. . . . 3500 I2 0, 2100 o 0 

ZissTTs- 

Produce, sulphate of ammonia. '' . j 389 { .£4279 .0 0 

Deduct cost of manufacture . • . . ... • 3587 3 -6 

£691 16 6 







C. T. & A. 
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^ Fig. 311 shows the apparatus for the manufacture of 
ammonium sulphate as fixed at the Constantia pit, in 

Westphalia. ■ 

! • 

^ Feldmann's Apparatus. 

Dr A. Feldmann, of Bremen, has constructed an ammonia- 
still (Ger. P. 21708; B. P. 3643, of 1882) which is very much 
terommeaded, and of which very many are at work in different 
countries.' It is a steam-still, and is adapted fpr making sulphate, 
liquor ammonia;, or concentrated gas-liquor. Its principle is 
that of a continuously acting column where not merely-the 
volatile amm,onia but also the fixed ammonia, set free by lime, 
is driven ofif.- Otherwise »he principle 6fthe dephlegmation- 
column' is ■ the same as that adopted in the Coffey still, the 
Griineberg still, and many bthers. 

Considering its great capabilities, the apparatus requires 
but little room forsetting up. An apparatus to distil from 
8 to 10 tons of ammoniacal liquar in twenty-four hours occupies 
a space of 17 ft. by 13 ft by 10 ft 

The apparatus (Fig. 312) consists of the column A, decom- 
posing-tank B, and coli^mn C. The tnumoniacal liquor flows 
from the feed-tank a into the supply-tank b, the object of which 
is to obtain a regular flow into*the column through pipe c into 
the tubular boiler J, and thence through d into Ihe top chamber 
of column A. Froflf here it passes through the overflow-pipes 
'a from chamber to chamber, in each «f which it is boiled up by 
the steam which^lls the stills, and is delivered free from all 
volatile ammoniacal compounds, through a long overflow-pipe, 
d, almost at the bottom of the decomposing-tank B. Intb this 
tank milk-of-lime is»introdpced through the pump G, and the 
inflowing gas-liquor is coijstantly mixed by a steam ngitator. 
The inlet of steatf! is*so regulate^ that the decomposed gas- 
liquor must run 'out at the top of tank B; ahd by the working 
of a sieve, introduced fjo break the ebullition, it* passes purified 
and freed .of surplus lime tfirougl» siphon e into_ column C. In 
the separate chambers of this column, the ammonia formed is 
driven out, the spent liquor, collects in the, part iJ, and flows 
constantly through the 4 ap/ The steam required for distilling 
is admitted through pipe ^ into column C; traversing the fluid 
each separate chamber, it passes through pipe h and tank B 
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into cdnmn A. It then rises through all the chambers in 
and leaves, charged with accumulated ammonia, by the exit- 
pipe i. Finally it arrives under the leaden bell F, which is 
partly submerged in sulphuric acid, contained in the lead-lined 
cistern E. The ammonia combines with the sulphuric acid; the 
gases which have not been absorbed, such as carbon dioxide. 



Fio. 312. 

hydrogen sulphide, etc., mixed with steam under the leaden 
bell, are conducied through the exit-pipe k into the cylinder J. 
The action of this cylinder is exactly similar to *hat of the 
economizer in Gruneberg’s apparatus, so that we need not 
repeat its description in this place; nor need we go into tite 
treatment of the gases. The essential difference between 
Feldmann’s and Gruneberg’s apparatus consists in this: that 
the former, after driving off tfte volatile ammonia, saturates 
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the liquor with lime, and sends it in a dear state through a 
second column. 

The usual sizes of the apparatus are for distilling 5, 10, 
or. 15 tons of ammoniacal liquor per day; but it can be 
made to distil very much larger quantities. At Silvertown 
there is a still for 80 tons, and at Runcorn one for 200 tons 
liquor per day. * 

This apparatus (according to reliable information) easily 
drives off the ammonia to such an extent that the distillation 
test of the residues does not show more than 3 to 5 parts NH^ 
in 100,000 parts of liquor; and fhe liberation of the NHj can 
be made practically absolute. 

A very striking example of the difference between the old 
two-boiler system with direct firing and the rational new 
apparatus is afforded by a return made by the Bielefeld 
Corporation Gas-works. Formerly they worked only 2\ tons 
liquor in a two-boilej apparatus with direct firing. The result ofa 
hundred days’ working was 466,cwt. of damp, greenish sulphate, 
with barely 20 per cent, nitrogen. The wages per cwt. of 
sulphate amounted to 0-91 mark, the consumption of coke to 
2'87 scheffel=o-86 mark. After putting up a Feldmann still, 
the daily consumption* of gas-liquor was raised to to 8 
tons; the yield of sulphate* upon the coal treated in the 
retort was 0-9 per cent. The output of sixty-three days’ 
working was 684 ^swt. of nearly white sulphate, with 20-68 
per cent, nitrogen. The expenses \)(ere as follows, per cwt. of 
sulphate:— 

. 82-6 lb. sulphuric acid, 168" Tw., at 4 
1-5 scheffel coke, at 0-30 
Wages (at 4-2^tiark pjr diem) 

• Lime . • . 

Sundries (lighting^ shbvels, etc.) 

Amortization and interest . * 


Feldmann claims that Jns apparatus "obviates the difficulty 
of obstructing the column by precipitation of lifne and lime- 
salts in a mu^#simpler way than is done by P. Mallet (see 
p. 1446); and that the empldyment of a cofumn for expelling 
the fixed ammonict oermits not merelv doing this in the most 
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perfect possible manner, but also by a minimum of steam. . 



This is most important when -utilizing the gas-liquor ^ for' 
manufacturing sal-ammoniac, where there should be as little 
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subsequent evaporation as possible; but it is also very useful 
iii making sulphate of ammonia, because it greatly facilitates 
' thp dealing with the sulphuretted hydrogen. 

A more recent German patent of Feldmann’s (No. 71909) 
describes a lime-boiler and a number of distilling cells ranged 
all round it, through which the gas-liquor runs from one to the 
other, and ultimately into the lime-boiler. A further patent of 
his (Ger. P. 134976) describes some improvements in’ the 
saturator bell. 

Apparatus of Julius Pintsch. 

Fig. 313 shows the apparatus as constructed by the firm Julius 
Pintsch Akfien-Gesellschalt, of Berlin. The gas-liquor enters 
through pipe A, flows through the measuring-apparatus a, then 
through the floating-bell regulator b, which secures a constant 
height and consequently uniform supply of the liquor, thence 
through tap c into^the preheater 0, where it is heated up by 
the waste gases from the saturator p, and then through A into 
the top chamber of the column-still h. Descending in this, 
it gets into chamber g, where it is mixed with milk-of-lime, 
supplied by pump k, then into th*e lo^er column/ and leaves 
this through the automatically regulated outlet I and the escape- 
pipe E. The steam enters at the bottom of the column and 
travels in the opposite direction to the liquor, leaving the 
column at D and ejerying all the gases into tfie sulphuric-acid 
saturator p. The waste gases are d^rivdd of the last ammonia 
in the box g a«(j from here get into the abov^-;pentioned pre¬ 
heater 0, where ffceirJieat is utilized for warming up crude 
liquor. The gases escaping from here go away into the 
chimney, or else thrpugh an oxide-of-iron*purifier forn-etaining 
the H^. V is.a tank for Sulphuric acid, into which it js forced 
from the store-tank ar by the steam-jet «.• This firm gives 
in Lunge and Koehler’s Steinko’hlen.teer 'uttd Ammoniak, 5th 
edition, 1912, ii., pp. 379 et seq., detailed calculations concerning 
the financial results olJtained with their apparatus. 

^ Apparatus of Heinrich Hirsel. . • 

Heinrich ^ifzel’s column tQer. P. 64367) is bu 3 t on the 
same principle as that which he has .constructed for liquor 
, ammoniae (pp. 137H d teg.). In Fjgs. 314 and 315, D is a steam- 
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puiflp, by which the gas-liquor is forced into the heater C, and from 
this Mo the upper part of the column E. In this the carbonate 
and hydrate are expelled; about the middle of the column the 
liquor issues into the agitating-vessel A, where it is supplied 
with milk-of-Hme from vessel B, and then returns into the 
column. The gas enters one of the two lead saturators Q or Q', 
according to the position of the valves, underneath the lead 
bells. The gases not taken up by the acid pass through the 
catch-all UJ to retain any acid carried away, then through the 
heater C, where thdy give up part of their heat to the gas- 
liquor traversing the heater ift a coil of piping, and at last 
issue into the atmosphere. The sulphate is fished from Q and 
Q', and drained on the slanting plates R and 1 l'. These 
apparatus are built to work from i to 40 tons gas-liquor in 
twenfy-four hours. 

Improvements of Hirzel’s apparatus are described in his 
Ger. Ps. 88953 and 91717. 


P. Mallet’s Apparatus (1884). 

P, Mallet [cf. 1375 gnd 1*400) has set himself the special 
task of making an “ inobstructible dolumn” for distilling 
ammoniacal liquor in contact wf’th lime, without having to 
clarify it by repose (as is necessary especially for liquors ■ 
produced in the treatment of sewage), or without having to 
relegate the lime treatment, to another vessel. His apparatus 
is shown in Fig„*3i6. An ordinary column, A/, surmounted 
by an “analyzer,” a, serves to expel the Volatile ammonia. 
From here the liquor runs off by c into an apparatus (Fig. 
317) intended for mixing with lime. This consists of a closed 
hopper, which is charged with a sufeient quantity of quick¬ 
lime to serve for se^ral hours, and of an' dndless screw, /, which 
conveys this^lime to.the mixer m ; here it is mixed with the 
liquor entering art c, which slakes the lime, and carries it in a 
state of suspension through the pipe 'rf into the inobstructible 
column. The Valve « serves for Vemoving from time to' 
time unslaked, pieces, stones, e(c. The mixture qf lime and 
liquc r.ow'descends In the lower dolumn)f (Fig. 3'i6) from plate 
to plate; the revolving shaft in the centre of this column, by 
means of scrapers fixed to it in'each of the .chambers of the.' 
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ix^umn, keeps the lime suspended in the liquor and prevents 
the formation of any crusts on the plates. The spent liquor is 
cast out by the mechanical purifier h\ for very dirty lime a 
sludge-box must be provided, from which the deposit is taken 
out from time to time. • 

. A special advantage claimed for this apparatus is that it 
works with quicklime and utiliAs the heat of slaking, at the 
same tirtie dispensing with the necessity of sifting the miJk-of- 



FiG. 317. 


lime; but it does not appear that this i$ a feature Msrtitial to 
the “ colonne inoffstruabie,” whose principal speciality, “the 
revolting shaft, is evidently not without its^ drawbacks. Many 
manufacturers will prefer a simpler appaj'atus, dispensing with 
machinery. 

Various Fonms of Ammonia-Stills. 

A revolving column fias been patented by W. T. Walker 
[B. P. 16804 of 1887). . 

Dempstetjg. P. 2?^2, of'iSps) runs the previcfflsly.^ted 
liquor into a vessel, at the bpttom of whiclw steam is injectc^^ 
at the top the liquid, carrieS along by steam, strikes against a 
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splash-plate, which converts it into a spray. The exhausted- 
liquor travels by an overflow into a second vessel, where it 
meets wi,th lime. 

Spence and Gilchrist (B. P. 7845, of 1893) describe special 
contrivances for mixing the lime with the liquid after distilling 
off the free ammonia, 

Eckelt (Chem. Ind, 1893, p.*45i) describes a special overflow- 
pipe.. Bowen (B. P. 18356, of 1889) passes heated air or oxygen 
through the boiling liquid, and conducts the mixture of gases 
and vapours givetl off into receivers charged with ferrous 
sulphate, which is thereby oxidized, the NHj precipitating 
ferric hydrate, and being converted into sulphate, and the HjS 
being retained at the same time. , * 

Outon {Gas World, 1905, p. 353) describes a sulphate plant, 
specially adapted for smaller works,, but not presenting any 
specially new features. The same must be said of a paper by 
Keillor (/. Gas Lighting, 1903, p. 361), which is, however, 
interesting to gas managers by^ its discussion of the financial 
side of sulphate-makmg. 

Francke (Ger. P. 165309) makes the steam, injected into the 
still, strike against blade^, fix£d to a movable spindle, or to the 
bell itself, which in this case must be nrovable. These blades 
are shaped in such manner that (the liquid, rising in the still 
on striking against them, favours the rotation of the bell. This 
arrangement causes a much better mixture oftheTime with the 
liquid than the mere action of a steam-jet. ' 

The same inyintor later on (Ger. P. 1694^ arranges the 
bells of a distilling-column in such manner«iat they can be 
raised pr lowered from without, in order to regulate the depth 
to i^hich they dip into the liquid and to facilitate the cleaning 
out of the, column. 

Adriaanse (Gers P. 185196; Fr.'ft JSSPjti) provides the 
lower bells'*attache/!* to thd agitator, with stirring-blades 
reaching nearly down to the bottom of the shelves, so that 
they prevent a deposition of lime daring'the work ajid admit 
of cleaning out the still .without 6penirfg its sides. 

G. Wilton-{,B. P. 24832, of 1901) arranges on the trays of the' 
distillisg-cslumn naitow, elongated'steaip openings, provided 
with hoods dipping into the liquid, and mud holek in the walls ., 
of the chambers opposite the end -of these opeqjngs. 
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T. and G. Wilton (B, P. 28251, of 1902) describe a continuously 
working still, especially for use in small works, consisting of 
superposed cylinders with movable caps in which are .fitted the 
various connections. A furnace heats the lower chambers, 
either by steam or by a direct fire, and ‘the hot gases heat the 
upper chambers. 

The ammonia-stills of Jacob ^diaefer, at Hochst, have been 
introduced in many places, both in Germany and abroad. 
They are, like many others, a combination of a lower part, 
where the non-volatile ammonium salts are decomposed by 
means of lime, with a superposed column, where the volatile 
salts are spelled from the liquor by the steam produced 
below, with a special arrangement for preheating the liquor 
before it enters the column. According to a report receive^ 
from Mr Ernest Henss, of Nied, near Frankfort; the 
Schaefer stills do excellent work and are very easy to deal 
with. , 

The Societe J. Jean & Cif. (Fr. P. 372171) promote the 
expulsion of ammonia by a finely divided current of air, 
employing 1400 vols. air for i vol. gas-liquor and a velocity of 
the air current of 100 ft. per second.. The mixture of air and 
vapours is hurled agaiitst large surfaces, in order to precipitate 
. the foggy particles. # 

Koppers P. 2399, of 1908; Ger. P. 191^22) describes an 
amraonia-.still, im« which the liquor flows through parallel 
tfB 9 ffBrtTyn the various chambers.alternatel^ from the centre 
outwards, o^T'm the outside towards the centre. 

Dill (Ger. P. ^00592) patents a special shape of ammonia- 
stills, built up from boxes in a zigzag line, with the usual fittings 
of continuously wonking ammonia-stills, adapted to being readily 
exchanged lot purificatioji. , 

Scott (B. Ps.“ 398)’, bf 1900, and ii8of, ofi^j^ describes 
various modifications of ammonia.plaift. So do Abendroth 
(U.S. Ps. 712891, of J902, and 771031, of 1904); Osius (U.S. P. 
7i022i,of 1902); Moore*(U.^ P. 740678); Erlenbach (Ger. P. 

203309 ). ■ ' • ■ 

‘ Ballantyne (/. GaMeucht.^ 1903 , p- 755) describes a “ new 
continuous yiqjium process,’* the plant fo*r which fi5*si«ilar to 
ordinary ammonia plant, but is’kept under a vacuum of 13 to"?? 
in. mercury inthfc still and* 22 ‘to 27 in. mercury in the saturator^ 
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The main object is a saving of fuel. (See below, under thff 
heading “ Saturators.”) 

G. E. Davis (B. P. 26996, of 190J) constructs ammonia-stills 
with serrated caps, fixed to the plates forming the tops of 
the chambers, so that.the serrations hang free in the liquid, 
allowing a small rake to be inserted underneath the caps for 
removal of the deposit. ■ “ 

Holmes and Howell (B. P. 24913,1907) employ an ammonia- 
still in which an intermediate liming-chamber is interposed 
between the upper 'and lower chambers, and they facilitate the 
removal of sludge by making tlie floor of the liming-chamber 
dished or conical, so that the sludge tends to settle towards the 
outlet leading to the sludge-valve. Iijjectors may be placed at 
intervals round the chamber, so as to produce a current for 
preventing any settlement of the slu/ige near the periphery. 


Further Apparatus for the Manufacture of Jfinmonium Sulphate 
from Ammoniacal Liquor. 

Barnick {Chem. Apparatur, 1915, p. 61). 

W. H. Wright (U.S.P, 1114843). 

Davis (B. P. 164349, of 1889); Ellis (B. P. 13003,011889);. 
Holgate(B. P. 3684,0! 1890); Mather (B. P. 17824, of 1892); 
Carr (B. P. 16978, of 1898). 

Carl Francke,‘Bremen (Lunge and KoeMer, "kteinkohlemeer 
und Ammoniak, 1912, fi., p,370). 

Heinrich Hir^, Leipzig-Plagwitz {ibid., p. 37e^’ 
Berlin-Anhaltische Maschinenbau-Aktren-6esellschaft {Und., 

• 3 ; 5 )- . ■ 

Carl Hill, Recklinghausen {ibid., p. 376). r 
Chemical Engineering and Wilton’s Patent’Furnace Co.,' 
London {ibid, pi 378). 


Obtaining Ammonium Sulphate free from Cyanides. 

C ’*• 

Grossmann (B. P. 30387, of 1905), in order to obtsdn 
ammonium sulphate free froiq cyafiides, without producing ^ 
offm^»tMte distils the gas-liquor firs( yjthout lime,: 
ffien bolls down the remaining liquor, and adds sulphuric acid, to 
^lecompose the cyanide and sulphqcyanide. The liquor now 
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1 

remaining behind is used over again for the absorption of 
ammonia. He fully discusses his process in /. Soc. Chem. Ind^, 
1906, p. 411, whereof we give an abstract here. The,principal 
motive for his invention was, that, even if it were possible to 
remove the cyanogen compounds economically, there would still 
be left sufficient tarry compounds and compounds of the nature 
of phenols, to render the final effluent noxious; and there is no 
method of removing these organic compounds. His. own 
process (which at that time evidently had not yet been carried 
out in practical work) follows in the main lihe the pre.sent mode 
of manufacture, and branches off at a convenient point. 

In the fi^st place, the ammonia liquor is distilled by means of 
steam in the same stills aj those ‘used at present, but with this 
difference, that no lime or other alkaline substance is adde^. 
The resulting liquor contains all the fixed salts of ammonia, 
besides tar-oils and phenols and salts of sodium. When carbon¬ 
izing 200 tons of cqjil per day, the total quantity of liquor leaving 
the still is about 10,000 gall.j)er day, of which 3000 gall, of 
water are freshly formed every twenty-four hours. The 
remaining 700 gall, can, after cooling, be used again in the 
scrubbers for absorbing a further quantity of ammonia and 
ammonia compounds, alnd we shall only have to dispose of the 
3000 gall, in such manner as to avoid a nuisance. 

The figures given here are actual results obtained frequently 
id'^as-works and*sometimes in coke-works. In the latter, 
quantity of water foriped every day often exceeds 
the figures ^sn here, as the coal used may cojtfain 10 per cent, 
and more of moisftire.* It would be to the coke ^manufacturer’s 
advaiitage to reduce this quantity to its lowest point by using 
the coal as dry as i» practicable. * 

That portion of the lic^uor which goes back to the .scrubbers 
will gradually beeomE ificher in^dissolved Tixed a mpi o n ia and 
other compounds. But it will reach .its litnit when that portion 
which is. withdrawij every twenty-four hours for further 
4reatmenh becomes of such strqpgth that it contains as much in 
fixed compounds as will equal to the* total ljuantity of Aese 
compounds *vhich the ap*p4,ratqs will produce in. every twenty- 
four hours. _ 

- , The quantity to be dealt with in the prOcess would mainly 
4 epend on the quantity of mofsture contained in the coal. This 
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quantity would vary from 3000 gall, in good, dry coal to 
about 9000 gall, in coal containing 1$ per cent, of water and 
5 per cent, of other water-forming constituents. 

Whatever be the quantity of liquor thus obtained, it must be 
evaporated to a small bulk to become amenable to further treat¬ 
ment. It may be generally taken that the ultimate bulk after 
evaporation will correspond fo about ij gall, for every ton 
of coal carbonized. It will then form a strong solution of 
ammonium chloride and thiosulphate, besides containing some 
thiocyanate, sodiurt chloride, and possibly some ferrocyanide. 
Ammonium chloride can at this stage be removed to a con¬ 
siderable extent by cooling and crystallizing; and as some of 
the samples examined contained qo to 20 per cent, of the 
total ammonia going to the stills as ammonium chloride, 
the Recovery of the ammonium chloride as such should yield 
considerable profit. 

The remaining mother-liquor will now coptain chiefly thiosul¬ 
phate, chloride, and thiocyanate. This liquor is placed in a still 
and neutralized with weak sulphuric acid so as to decompose' 
the thiosulphate. After agitation, such a quantity or more 
of sulphuric acid of abqut 120“ Tw. is added as would form 
ammonium hydrogen sulphate with the'ammonia contained as 
thiocyanate. On heating to about 100“ C. or less and agitating, 
the thiocyanate becomes partly decomposed, and partly distils 
over as such. Oh passing the gases through;i limestone, a pate 
solution of calcium thibcyapate is obtained; hydrocjjl,'?^- -■ii'JiJ' 
is not liberated,fi the temperature and other conditions are 
followed out according to the above. After ptfeing the calcium- 
carbonate absorber, the gases are taken through a mixture of an 
iroq salt with alkali, or through oxide-of-iron purifiers; and in 
either case sulphuretted hydrogen and cyanogen compounds 
other tlputhiotyaffdte are thus removed.' 

. ■' The liquhi' from this still, which contains ammonium sulphate, 
chloride, and free sulphuric acid, but no thiocyanate, may be 
used for diluting the sulphuric acid which is employed in the 
saturator. It will, however, in existing' installations probably be 
better to use«3 separate saturating-bdx built of stpne for this 
Iiqupt,.''«d*(ake parf of the ammbnia from the ifiain into it, so 
'^^s»to avoid any (Aamce of the lead in the old saturator being 
attacked by any hydrochloric acM which may be set free. In 
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new installations, the ordinary saturator would serve the purpose 
if made of material which will resist hydrochloric acid, always 
provided that it was found that the liquor coming/rom the 
, sulphocyanide still attacked lead. 

One great advantage of the method is that it enables us to 
recover the ferrocyanide as well as the thiocyanate without 
interfering with the plant as it is in use at present. It is well 
known that many processes have been designed to remove the 
cyanides and ferrocyanides from the gaseous products of coal 
distillation by passing them through alkaline emulsions of 
ferrous oxide. All these processes require special washing- 
apparatus ; and in the case of gases from coke-ovens, it is said 
that the results obtained have been unsatisfactory. Two ways 
of recovering cyanides and ferrocyanides are open in Grossmann’s 
method. Where the quantity of these compounds is large, th^ 
may be removed as insoluble ferrocyanides or zinc ferrocyanides 
by adding ferrous or zinc sulphate in exact proportion (to be 
previously ascertained by test^ to. the evaporated liquor, and 
neutralizing carefully with sulphuric acid. After filtering, the 
liquor may go to the still and be treated with a further quantity 
of sulphuric acid in order to elimidate t}ie sulphocyanogen. But 
• where the quantity of Cerrocyanide is not excessive, there is no 
need of any treatment of this kind, as the ferrocyanides will 
become decomposed in the still in presence of an excess of 
sfll^uilPacid, evoiving hydrocyanic acid, whicB will be absorbed 
or in the iron oxid^ pufifier, and thus allow of 
the recoverj^f these compounds in the shapd*pf ferrocyanide. 

Grossmann contends that the cost of his process will in no 
case, exceed in cost of working that of the present method. 
There is a saving iivnot using lime, which'amounts to*3s. per^ton 
of anwnonium* sulphate, a'hd a saving in the quantity^of steam 
used; and the aoioutft if labour should b^the^amg^aiJjefore. 
There should be again in the yiefd of ammonium ssrtpiate eq!?Sd- 
to. about 4s. per ton, as no ammonia left in the waste liquors 
from the %tills is elim'inated from the system. There is a gain 
through the recovery of thiocyanate and ferrocyanide, wHich, 
taking then^at only id. pbr poijnd, would amount to from 4s. to, 
20s. and mor^per top'of ammonium sulphate; ani>lha«52^ 
profit on ammonium chlorid? may be put down at from gsTTcf 
13s. and more. ^Against this'probable saving of from 20s. to 



1464 MANUfACTUEEtOF SULPHATE 6F AWONIA: 

40s., we have to allow for the cost of evaporation, the cooling 
of the liquors, and the amortization and depreciation of the,’' 
extra plant required. The cost of the first item will greatly 
depend upon local circumstances. Where the amount of water 
in coal is normal, there.should be sufficient waste-heat in coke- 
oven works to render this operation free from being a charge on 
the process. In gas-works, where there is no waste heat, the 
charge should not amount to more than 5s. per ton of sulphate 
of ammonia, as there is always in these works sufficient coke- 
breeze to spare, whith has only a low commercial value, and in 
some cases almost none. Eveh whpre the amount of liquors 
produced is excessive, it will, in many cases', be found that there 
will be sufficient waste coal and coke of unmarketable quality 
which can be used for evaporating purposes. The cooling of 
the liquor also depends on local circumstances; but, even under 
the most unfavourable conditions, the charge for it would be 
small. The depreciation of the plant coul^ only take place in 
the evaporating apparatus, which is not expensive. The process 
has not been designed with a view to effecting a saving in 
manufacture, but in order to improve it in a sanitary respect. 
If it will accomplish thqt without extra charge to the manu¬ 
facturer, it will have done all that can ba reasonably expected. 

A new process for obtaining ferrocyanide, by the same 
inventor, will be mentioned infra, Chapter XVII. 


Treatment of'Ammoniacal Liquor in the Cold-otate for' 
removing Hydrogen Sulphide and Carhon Dioxide. 

We' have already,mentioned supra, pp. 1361 et seq., some 
of the processes belonging to this class in'fconnection with the 
manufacture of pure liquor ammoniae. Here' we spdak of 
pj^e33C?>«Qnnecte(i with the, manufacture oT sulphate. 

These processes 'are not much practised. Some have pro- 
,posed ferric hydrate, which acts as follows i 

- Fe2(OH\H-3(NH4)2S = SlFeS■i^S + 6NHJ-^6H2^). 

Thus ferrous sulphide, sulpljur, and free ammonia are 
^rocU''''sd''^he two former remaiit behind.- Th^, r,,qsidue can be, 
"revivified till it is rteh enough in sulphur to be utilized for the'^ 
^ manufacture of sulphuric acid, or Tor'the sulphur to be recovered 
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by distillation. For the latter purpose Gerlach (Ger. P. 229) 
employs superheated steam, as offering great advantages. 

Sometimes soluble salts of iron or manganese are added to the 
gas-liquor before distillation, in order to remove the sulphide. 
The precipitate might be filter-pressed, and the residue revivified 
as just mentioned. But this process, like the former, is not very 
simple and cheap. • 

A special process for removing sulphuretted hydrogen* from 
gas-liquor is that of Kunheim & Co. (Ger. P. 26422), which aims 



at fully utilizing the sulphur. The crude gas-liquor isHreated 
in the cold state wgth a strong current of atmospheric <air, 
dividejl into many jets. Yhis dissociates the ammofiium sul¬ 
phide into ammonia and hydrogen sulphide, tRe lat^'-r hging 
carried away by the air. The gaseous bjixture Is conducted^ 
through finely divided ferric hydroxide, and the hydrogen 
sulphide if here absorbed: F<y this purpose native hydrated 
oxide of iron, or an artifidfal precipitate, or evefi other hydrated 
metallic oxydes may be ‘emplqyed. The ferrio^iydroxide is 
kept suspen^ejd^ in a,dilute Solution of alkaline eaftiSS'-wgig. 
318 illustratesi the process. .The gas-liqucfr is introduced by ” 
means of a force»pipe through the pipe p into the boiler K , 
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into which a strong current of air is forced by means of a blast 
or injector through /. The gas-liquor mechanically carried 
away is jetained in the safety-vessel U, and is continually 
returned into K. The mixture of air, hydrogen sulphide, and a 
little ammonia is condufted by a perforated pipe into the vessel 
A, half-filled with a mixture of ferric hydrate and lime-water. 
Here the HjS is absorbed, biSt the FeS formed is at once 
changed by the air into free sulphur and regenerated ferric 
hydrate. The excess of air and some ammonia first pass 
through the safety-vessel V, where so much of the pasty mixture 
as has been mechanically carried away is retained and flows 
back into A. From here the gases pass through the stoneware 
coke-scrubber T, where the ammonia is absorbed ty a shower 
-cif- sulphuric acid. The air escapes through R into the atmos¬ 
phere’, or first into a chimney. The gas-liquor remaining in K, 
and now freed from sulphide, is in the usual way caustified by lime 
and distilled. The here-described process of absorbing hydrogen 
sulphide by a mixture of ferrij hydroxide with lime, with a 
simultaneous introduction of air for reconverting the ferrous 
sulphide formed into free sulphur and ferric hydroxide, may 
also be employed for dealing with hydrogen sulphide from any 
other source. [It is only right to stateithat the absorption of 
sulphuretted hydrogen by a mcxture of ferric or manganic 
hydroxide and lime, suspended in water, was ^escribed by 
myself as early as 1866, in the B. P. 1108; and Welddu, I.rhis / 
patent of i8th August'187^, and again in 1876. addstL-irfsjs^' 
the regeneration, by air in the liquid state. The Simultaneous 
passage of air, along with the H^S, through tte mixture of ferric 
hydroxide of lime was also tried by myself about that time, but 
nothing wffs published concerning it, as th» experiments could 
not be fallowed out to a definite fssue. Cf. adso the Alkali 
I^^femLJiep'brts \}uoted lower dowfl.]' •. 

A somewhat sigfilar process is that of Molgate, of the 
Halifax gas-works. He submits the raw liquor to a moderate 
heat, produced by passing the i^aste tases from the sulphate of 
ammonia saturator into a box through which the gas-liquor is 
made to flow in a coil of 2-in.,tubes! By this mqans most of 
_tl:tf..Ji^^id COj'is driven whilst mojl^pf the NH3 _ 
'remains behind. A table given/jii p. 31 of the Thirty-sixth 
Report of the Alkali Inspectors *that by this treatment 
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only from 16-9 to 26-5 per cent, of the NH^ is driven out, 
whilst 54-5 per cent, of the CO^, and 84-6 per cent, of the H.S 
is removed. 

Wolfrum (Ger. P. 40215) produces a solution of basic ferric 
salts by suspending i part spent oxide of iron in 2 or 3 parts 
water, adding J to i part sulphuric acid or 1 or 2 parts hydro¬ 
chloric acid, and dissolving in &ch 50 parts of this mixture 5 
or 6 parts iron-ochre. This solution serves for disulphurizing 
fifty or sixty times its volume of raw gas-liquor. The precipitate 
produced contains about 30 per cent, sulpfiur soluble in carbon 
disulphide. * 

Foussetj^Fr. P. 382269,0! 1906; B. P. 253*1,0! 1^7) also 
employs for the working-np of animoniacal liquors an apparatus 
working in the cold. The liquor, after adding fixed alkaj' -’v- 
necessary, is “ atomized,’’iand in this condition allowed to fall 
down a vertical drum, in which it meets an ascending current 
of air which carries the ammonia with it as gas. This air 
passes between zigzag partitjpns, on which it deposits any 
spray, and then impinges against a rotating fan which is kept 
supplied with dilute sulphuric acid. 

Kestner (B. P. 1843, of 190^) prsceeds in the same way. 
He atomizes the liqu®r by means of a Kestner centrifugal 
atomizer in a current of air, say, 180 vols. of air to i vol. 
of ammonj2Ji(juor containing 2 g. NH^ per^litre. It will be 
‘itftilti'tnat the liqnor issuing from the apparatus does not 
twvfhar. than 0'0i5 g. NH3f)er fitre, so that 9925 per 

cent of the ammonia passes away with the air*« In the case of 
300 vols. air to i*of liquor, only about 0 005 g. NHj remains 
after atomization. The air is then passed over sulphuric acid, 
which takes out all* the NHj, so that this process is practi¬ 
cally a cold process for the recovery of NHj frora»ammonia 
liquors. •• • * ^ ^ 

Similar processes have been pqjlente’d by Feld (Ger. r! 
188636) and Brandenburg (Ger. P. 18983P). * 

Wartlv {Chem. News^ xci\j., p. 259) by agitating ^as- 
liquor with gypsum recovers 80 per cent of the ammonia 
in the state of sulphate, sg that onl^ oneififth of the 
ammonia nef^ ^e got’by bollyig and absorbing Tn ' 3 filph*ii;ic ^ 
acid. 
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Apparatus specially intended for Working Sewage} 

A considerable number of these are described by C. Vincent 
in the Encyclopidie Chimique, 2nd section, tome x., part 4,pp. 14 
etseq.; but most of thgm present nothing calling for special 
recommendation, as the older apparatus of Figuera, of Mar- 
gueritte and Sourdeval, and 'others; or else they are only 
various forms of combinations of boilers with dcphlegmating- 
columns and heat-economizers, not different in principle from 
those already described, as the apparatus of Lair, of Sintier, and 
Muhe, etc. That of Hennebutte and Vaureal has a very peculiar 
form, but the pgpciple is still the same. We would refer for 
descriptions and diagrams of these apparatus to ifl. Vincent’s 
book; also for that of Chevalet’s apparatus for treating turbid 
seArage and “tout venant,” that is, tj[ie whole contents of the 
sewers, including night-soil and all other solid refuse. We will, 
however, describe two other apparatus constructed for the same 
purpose. 

P. Mallet's Apparatus for treating Thick Sewage 

is shown in Fig. 319. It consists of a tubular heater. A; a 
tubular vapour “ analyzer,” B; a cast»- iron column, C, 4 ft. 

8 in. wide, serving as dephlegmalor. This column, by means 
of a hollow stand^ rests on the top of the agitatig^-column 
The latter has a diameter of 6 ft. 8 in.v and coh'iaiiTS'S 
number of plates with centsal holes; a central shafj m«#ffT?P' 
revolve with tootlled gear, carries a set of stirrers ranging over 
every one of these plates. The sludge-deeSnter F forms the 
bottora^of the whole system. The sludge itself is discharged 
into trucks, W, whilst the clear, decantedf boiling part of the 
spent liquor passes on to the heater A, and afterwards^ being 
cmsM^ coofed down, rpns off through' the'tube s. 

The fresh sewage mafter is forced by meins of a pump 
through the pipe' a into the heater A, aijd passes through its 
tubes; on its way it gets heatec}- by fte spent liquor, pirculating 
in the opposite direction, before issuing at s. The sewage then 
ascends through the 4-in. pipe.i into* the analyzerrB, in which 
j|;,i».4«flfref heated ty the vapour^ ascending f^ojfi) the rectifier 
C; it then passes oht by the siphon-tube c into the column C 
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at its tenth chamber, and descends in this, in order to pass 
through the tube d into the agitating-column E. During this 
transit the volatile ammonium salts contained in the sewage are 
carried off by the hot vapours coming from E, and escape 
through L; the vapours pass through, the rectifier C, where they 
become richer in ammonia, then through the analyzer B, where 
they give up the remaining water, and at last escape through T 
into the sulphuric-acid saturator. The uncondensable gases are 
carried under a fire-grate, to be burned. Before the sewage, 
deprived of volatile ammonium salts, enters through d into E, 
it is mixed with milk-of-lime pu'mped in through K, in the pro¬ 
portion of 8 kg. 4 <me to each ton of sewage. The action of the 
agitating-column E is just the same as, that described on p. 1446. 
Th(^ spent matter now descends through the siphon-tube m into 
the Sludge-decanter F, 6 ft. 8 in. wide, where it suffers an 
enormous loss of velocity, which, along with the action of the 
lime on the albuminous substances, promotc,s a rapid settling of 
the solid impurities. By means^of the two valves at the bottom, 
the sludge is discharged into the trucks W, and can be filter- 
pressed before being sent away. The clear liquid issuing from 
F is used for heating up 4he fresh sewage in A, as before de¬ 
scribed. The necessary heat is supplied to this apparatus by 
direct (wet) steam, through a ijtin. steam-pipe,!’, just above 
the bottom of E. 

This apparatus is capable of treating 65 <ens of sewi^'e*^ 
twenty-four hours. It is eas.y to clean, as all the overflow-^iper* 
are arranged in putside annexes, X X, which are accessible by 
removing the flanges. 

Oneiof these apparatus has been in use since 1881 at La 
Tresne, near Bordeaux, and several others «eem to be working 
satisfactoply in France. 


Lencaiuhes's Apparatus 

works under diminished press^ire, i^nd consists of ,two quite 
distinct parts. The one shown in Fi^s. 320 and 321 is called 
the “barometKc chamber," and,seryes for expelling-the volatile 
ammonfllhi^ salts. It is a wepu^ght-iron* cylindjer, A, 7 ft. 4 
in. diameter and'’n ft. 4 in. <high, fixed on the top of 
an iron coluiiin, B, of a height of 33 ft., at the bottom of which 
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a siphon-pipe carries off the spent liquor into the tank C. 
In this “ barometric chamber ” a good vacuum can be kept up 
by an air-pump, which continually aspirates the gases and 
vapours given off by the sewage; this gaseous mixture is, as 
usual, absorbed in sulphuric acid, whilst the spent liquor runs 



Fio, yo. . • , Fig. |2i. 


off at the bottom of the column B, in which the liquid rises 
equal to,the atmos^rie pres|ure. The chamber A is divided 
into three compartmeirfs, in which gs maisy small turbines, 
T T T, j^t in motion lay the pulley P, concert the sewage 
which arriv^ in th^ pipe’a^tJiree times •over, into a fine spray, 
which greatly*facilitates tl^p escape of the volatile ammonium 
salts. The liquor is heafed. by means of the exhaust-steam of 
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the engine, through the pipe E. The steam and vapours, 
issuing through F and G, pass alternately through one of two 
saturators, K K', arranged on a principle similar to the 
chamber A. These are 6 ft. wide, and are provided with 
horizontal diaphragms. for dividing the acid into a spray. 
The quantity of acid and the time it stays in the saturator 
must be so regulated that all the ammonia is absorbed and yet 
the aqid is saturated. The solution of ammonium sulphate 
runs down the colupin and through the siphon S into a 
crystallizing-vessel. 'The pipes M and M' carry off the noxious 
gases, which are aspirated by the air-pumps, freed from 



C 

Fig. 322. 


. moisture by cooling down, and burned id the usual manner. 
'The condensed liquid, which contains a little ammonium .salt, 
is sent into the apparatus to be described next. 

Rg. 323. shows that part of Lenc^uchez’s apparatus vfhich 
deals jisath thefixed ” anjmonium salts.' It'is a horizontal 
/-eyjihder, 10 ft', in diameter, and 33 ft. long, provided with a 
longitudinal shaft and agitating-paddles for mixing the liquor 
with milk of lime. Between the<paddles there are seven disks 
for diminishing th‘e speed of transit of the vapours. These 
seven partition^c c c, divide the r:ylinder into eight'chambers 
of equal size.' The first partition frbm the left re?s-hes down to 
"the centre of the cylinder; the following ones are each 6 in. 

• smaller than those preceding. A'tube, V, enters the second 
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chamber and injects into it the exhaust-steam from one or 
several steam-engines; the last chamber is surmounted by a 
cast-iron rectifying-coluran, B. The first plates of this column 
- have simple holes, without covering-cups, so as not to be 
stopped up by solid matter projected .from below; its upper 
portion is connected with two reflux-worms and a receiver 
for crude concentrated ammoniaKal liquor. For making sulphate 
the worms are not cooled so much, and the vapours from, them 
are conveyed into a sulphuric-acid saturator. 

Into this apparatus the liquor, deprived in the “ barometric 
chamber” of its volatile ammonium salts, is introduced through 
a, at the third chamber of the column B; it descends in thin 
jets, and ge*ts into the horizontjil cylinder, where it is mixed 
with milk-of-lime. The ammonia of the fixed salts is thus set 
free, and comes off grad^ually in the different chambcss; it 
passes on successively from one to the other by bubbling 
through a mixturc^of liquor and lime, each time traversing a 
layer 6 in. deep. At last, after about half an hour, the 
liquor arrives totally spent at* the other side of the cylinder 
and runs to waste by the siphon-tube S. 

This apparatus is very ingentousl)^ constructed, but seems 
too complicated, and hjs not made its way outside of France. 
It is doubtful whether the ve^y' much simpler means employed 
in England and Germany do not answer the same purpose 
q’lfitc as well. * 

* Mylius (Ger. P. 66465) proceeds Without distillation, by 
means of a vacuum. The sewage, clarified by lime, runs down 
upon cloths suspeedod in an evacuated chamber, where also 
sulphuric acid runs down asbestos-cloth and absorbs tlje N H,. 
Seiffert (Ger. P. 71414) also employs a Vacuum, in a column 
contaiging a number of dishes filled with sulphuric acid, oq a 
similar principle ta the*lasf. • • 

All processos for obtaining Smmonia'from sawage at the 
present time have hardly more than a sanitary interest, the 
great bullj of ammonia ‘beinij supplied by the distillation 
of coal. 

Absorption ^^the Vfl>ours in' Sulphuric •Acid {Smturafors). 
The apparatus intended fer this purpose, tailed the saturator, 
must be so constructed that, ion the one hand,*no ammonia 
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escapes absorption in the acid, and, on the other hand, tbe gases 
set free (carbon dioxide and sulphuretted hydrogen) do not 
become injurious to the workmen and the neighbourhood. In 
describing a number of special apparatus we shall meet with 
various constructions qf saturators; here we only mention the 
general principles to be observed. 


Sulphuric Acid for Absorbing the Ammonia. 

This acid is employed in a more or less concentrated state. 
Sometimes the gas, partly or miDstly dehydrated by dephlegma- 
tion, is condenjjpd in dilute sulphuric acid, so that no salt is 
separated during the saturation. The solution formed is 
clarified by repose, and is then evaporated, mostly in lead 
pans'by means of a steam coil, up ^to crystallization, during 
which operation an offensive smell is given off. The mother- 
liquor is employed for diluting a fresh quantity of sulphuric 
acid. Another way of proceeding is to absorb the ammoniacal 
vapours in rather more concentrated sulphuric acid (say sp. gr. 
i'4 to i'45), in which case the ammonium sulphate separates in 
the solid state in the saturating-vessels, and is fished out of 
them from time to time. More acid ii^run in continuously in 
a thin jet, so that the saturator is,always kept filled up to about 
the same level. The second process has the advantage of 
being continuous, and saving all evaporatio{iB,b(it possesses tife 
drawback that the liquor cannot clarify, and the salt does not 
come out so pure»as in the first process. ^ 

In the style* of working just mentioned, the concentration 
of the sulphuric acid used for feeding the saturators is usually 
about sp. ‘gr. 1.45, 'and this is indeed t^ie best way if the 
anjmonium sulphate is intended fbr fertilizing purpoges, in 
which case no pure salt is called" for. WJiere, however, a 
greater purky of the ahimo'nium sulphate if required, the 
saturation takes 4)lace iri such a way that no crystallization sets 
in already in the receiver, but ^he resulting solution^is filtered 
or otherwise purified, ?nd only then'evaporated to the crystal¬ 
lizing point. »„As a special instance 6f this way o{ proceeding 
we mention one observed by ^myself kj an ^jlish factory, 
where the acid ofrsp. gr. 17, before use, was diluted with the 
same water,, and saturated with 'ammonia, up to a faintly 
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alkaline reaction; then steam was blown through during 
half an hour in order to remove the hydrogen sulphide and 
avoid its causing inconvenience later on. The solution was 
then concentrated in pans lined with lead (i-8 lb. per superficial 
foot), 8 ft. diameter, and 2 ft. deep, by, means of steam of 2 
atmospheres passed through in a lead coil. The sulphate 
thus obtained was drained, anti the mother-liquor added to 
another charge of acid for the saturator. Such a procqpding 
is, of course, only rational, where either pure ammonium 
sulphate is called for, or where dilute sulphuric acid, produced 
by some other chemical proceis, is at disposal at a particu¬ 
larly low price. 

The sulpliuric acid arrives at, the factory in tank-wagons, 
tank-boats or carboys, and is in the first instance mostly 
discharged into iron cylit^ders, placed on the ground or lower 
down, from which it is forced by means of compressed air into 
store tanks, placed,at a high level, in the way described in 
Lunge’s Sulphuric Acid and Alkali, fourth edition (1913), i., 
pp. 813 et seq. The store tan^s should be placed in a room 
the temperature of which never sinks below 5°C., because at 
lower temperatures crystals of sillphuric acid would be formed 
which might stop up .the taps, pipes, etc. The pipes for 
conducting the acid to and from the store tanks, measuring 
vessels, saturators, etc., are made of strong lead; the taps are 
rrftde of stonewTai*^strengthened by “regulus fnetal.” 

A point of importance is the quality of the and employed. 
In England, frequently, sulphuric acid made*from brimstone is 
used in the man*ifa«ture of sulphate of ammonia, because 
pyrites-acid contains iron and arsenic, both of which discolour 
the sulphate. F. C, Hills (B. P. 3257, of 1878) avoids this^ by 
allowijig the pyrites-acid to meet with an excess of ammopia, 
which precipitates, iron anS arsenic (?); the» excess of^ ammonia 
is absorbed it> another vessel,* in the *manner tdescribed in 
the patent. In Germany nothing* but pyrites-add is used; 
the resulting sulphate has* a gr|y tinge, but it is as valuable for 
manure as the best white. Such grey sulphate is also*very 
commonly found in Englind. The pyrites-acid ought, however, 
to be made^l^g^ pyrites containing verjNlittle arsenic; that 
made from Spanish pyrites ^wfiich is now practically the only 
one used in England, and'is.often employed ia Germany as^ 
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well) is objectionable because it contains too much arsenic, 
which produces yellow sulphate—a colour not at all liked by 
the consumers. Some German makers produce white sulphate, 
even from strongly arsenical acid, by skimming off the arsenic 
trisulphide from the top of the saturator, which, of course, 
necessitates an open form of this apparatus. W. A. Meadows 
(B. P. 5520, of 1884) purposely adds a small quantity of tar, pitch, 
oil, fat, or the like, and carries on the operation at a temperature 
not below 38° C. In this case a scum is formed on the top, 
which contains the arsenic and iron of the sulphuric acid, and 
facilitates their removal. An American patent by E. A. Falls 
(No. 318972) covers the same invention. A much better 
process, which 1 saw at a Dutch factory, where it had been in 
use most successfully for a number of years, is the following;— 
Ordinary pyrites-acid is used, of sp. gr. 171. To this a 
certain quantity oi" vitriol-tar" is added; that is, the sulphuric 
acid which has served for washing crude benzol, and which is 
charged with a large quantity of tarry impurities (p. 878). On 
the saturation of the acid by fhe ammonia coming over, the 
tarry matters are precipitated and rise to the surface, carrj'ing 
along and enveloping the aisenious sulphide formed at the 
same time from the pyrites-acid. ■ The scum is carefully 
removed, and the sulphate fished out after this is perfectly 
white, as 1 could see from the large quantity kept in stock. 
Thus the “ vitri'ol-tar,” which formerly "rs an intolerable 
nuisance, is utilized ndc merely for its acid, but even its tarry 
impurities are made to serve a very useful purpose [cf. Cooper, 
Chem. Trade /., 1916, Iviii., p. 233). A similar, but much more 
complicated, patent process has been previously described. 

The prejudice against pyrites-acid seems to be likewise 
decreasing in England. At lea.st at one of the very largest 
ammonia-works the author was told' that they used it as well 
as brimstone acid; the sulphite made from the former was 
somewhat discoloured, but fetched exactly the same price as ' 
the white sulphate made from brimstone-acid. 

In the majority of, cases the sulphuric acid is bought at 
a concentration of 142° Tw., correspbnding to about 78 per 
cent. H2SO4; only In cases where* it has to bfe’ got from a 
considerable distance, it will pay tq buy the highly concentrated 
acid of 166° to i68°Tw.=92to95,pe'r cent HjSO^.or more. On 
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buying it, the condition should be made that the acid should 
contain as little as possible arsenic and nitrous acid. The 
testing methods are described in Lunge’s Sulphuric Acid and 
Alkali, fourth edition (1913), i., pp. 368 ct seq., and in his 
Technical Chemists' Handbook, 1910, pp, 135 et scq. 

The quantity of sulphuric acid required is given by the 
molecular weights as follows:-* 


y8 parts H2SO4 + 34 parts NH3= 132 (NlrL)3S04. • 

tr ^ • ■ 98x100 00 

Hence 100 parts ammonia require: — = 288'2 parts 

real H.3SO4, equal to —- = 369-4 parts sulphuric acid 

of 142° Tw. , . 


Saturators for absorbing the Ammonia in Sulphuric Arj.d} 

The saturators differ *11 form as follows:—Those intended 
for dilute acid are ^losed tanks lined with lead, partially filled 
with sulphuric acid; the ammoniacal vapours arrive in a 
pipe, which branches out at ftie bottom at the tank, and is 
there provided with many holes for the issue of the ammoniacal 
vapours. The gases liberated by the decomposition, along 
with a large quantity, of steam generated by the heat of 
the reaction, are conducted aw^y by a pipe from the upper part 
of the vessel, and are disposed of in various ways, to be described 
hereafter. The* j»»sage of vapours into the vSssel is continued 
until a sample, drawn from a ta^, shows that the acid is 
sufficiently saturated. It is best to leave a slight excess of acid, 
in which case the Jiqtwr, after evaporation in^leaden pans by 
indirect steam, yields whiter sulphate. . 

For more conceptrated acid another* form of Saturator is < 
used, consisting of a tank* not completely closed, to which, as 
the acid becomes •satilratid, more strong rtcid is adcled, either 
from time to time or in a continvibus fhin j^t. Th« waste gases 
and steam in this case are drawn away from the closed part of 
the tank ^y nieans of chhnnejjjdraught, which must be strong 
enough not to allow any ^as to escape opt of the open portion ; 
this can be #till better seclired b^ a fan-blast or aipinjector. As 
the solution J)^cjimes supersaturated with Ammoniam sulphate, 
this salt crystallizes out, in jpfte of the hdat. In some cases 
‘ C£ supra,ip, 1424, as to continuously acting saturation. 
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this is continued till the liquor becomes too thick, whereupon 
the whole contents of the saturator are drawn out by means of 
a bottorn tap into a cooler, from which, after the crystallization 
is complete, the mother-liquor is pumped or ladled back again 
into the saturator. Iq other cases the salt is fished out of the 
saturator during the operation itself. This is done in a 
“fishing-box,” shown in Fig. 323. It consists of a wooden 
vessel lined with lead, and divided into two compartments by 



Fig. saj. 


the, lead curtain (i, which dips into fhe acid. The outer com¬ 
partment is lower and open at the tdp'j the bottom is made to 
slope to this'Side. The other" compartment is<losed by a 4 id, 
perforated for the tube b, through which the ammoniacal 
vapours arrive, for the exit-pipe c, ^d the acid-pipe d. The 
sulphate precipitating during the op'feration is raked towards 
the open endv,-and fished out there ‘‘from time to time by a 
perforated ladle. Tile best formds that'in whiglj' ^he bottom of 
the open compartment is made,into a well, in which fits a 
strainer; the. salt drawn from 4 h'e closed compartment falls 
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into this strainer, which from time to time is lifted out to 
empty the salt. Fig. 324 shows this arrangement. 

A saturator constructed on this principle, which has long 
been well known to practical men, and has been in use at many 
works (it is also described and figured (n my German work of 
1867), has been patented by W. Arrol and J. Meikle (B. P. 
12174, of 1884). The only novdty their patent contains is that 
their vessels are not made of lead, but of copper—an invention 
not likely to be infringed by others. 



V 2 atson Smith (ptiv. comm.) recommends the following 
plan for obtaining perfectly white sulpfiate;—Th^ satursttor 
is chained with acid of 8b° Tw., and ammonia is passed, in 
until there is a slight *8111111 of it. The excesS is neutralized 
by a little acid*; and the separ^ed sulphate is at once fished 
out, whereupon the ^ operation is commenced again. If, 
however, t^ie acid is run ill litt|e by little, and the gas passed 
through for a long time, the separating .sulphate is black ;’and 
so it is in tJie former casfe, if, when the liquor has been proved 
by its smell tp^cpntali) an excess of ammorHa, fresh' acid is run 
in and fresh gas is passed through, without fishing out the 
sulphate already formed, so that it is allowed to accumulate. 
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In fact the rule is, to fish out the freshly deposited sulphate 
from tolerably acid mother-liquors. The fishing is done 
by means of a ladle of galvanized iron, perforated with 
numerous small holes; the sulphate is thrown upon a lead- 
lined drainer, from wjiich the mother-liquor runs back into 
the saturators. 

In the case of discontinuous saturators, it should not be 
forgotten that solutions of ammonium salts, when boiled, give 
off some free ammonia. Hence the acid, when nearly saturated 
with ammonia, hoi as it is, will not completely retain it, 
especially if the bubbles of gas are rather large. For this 
reason the points of contact should be multiplied, and the gas- 
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pipe should not dip too low into the acid. In the case of very 
large apparatus,' it might be best to emjijqy 'two saturating- 
boxes in succession, rfie u^per one to be charged with fresh 
acid; the gas would have to pass first through the lower 
box, where it vJ'ould give up nearly all,its„ammonia, the rest 
being absorbed in the upper box. When the contents of 
thq lower‘box have? been run off, thosf of the upper box 
should be run down into it, and fftsh acid charged iyto the 
upper saturator. « 

The reaotion between the‘ ammonia and the sulphuric acid 
produces so much heat \hat the liquid soon reaches nearly 
its boiling temperature. Thij;, in' the‘first instance, causes 
a very welcome, constant agitatioti; secondly, it prevents 
the condensation of steam and keeps the liqui/J at higher 
concentratidn. 

Wilton’s apparatus (Ger.P.'54^27; Gas World, i 8 go,p..;i;) 
is shown in Fig, 325. The sulphtKe formed .in the saturator S 
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is continuously lifted by the injector A on to the draining-plate 
D, from which the mother-liquor runs back into the saturator. 
This arrangement saves much labour. Four saturators can be 
sufiplied by one ejector, which throws out 26 tons of sulphate 
per day, and the regular removal of the salt admits of raising 
the production of the stills by 20 per cent. 

Sauer (Ger. P. ;oi8s) (Figs. 326 and 327) passes the 
ammonia through b into the saturator c, the HaS escaping 
from the bell d through pipe d^ into the dust-collector <4, and 
thence into the chimney or into a purifies. The sulphate is 
not fished out, but acid is generally run from box c through 

funnel e into the bell, until all is saturated. The ammonia is 

• • 



now passed into another saturator, tap a,^ is olosed, and the salt 
fished out of the fii;pt saturator. 

Kennedy (B. P. 1653, of 1890) describes some improvements 
in ordinary saturators with slanting bottoms. 

Cojson’s saturator (Alkali Inspectors' Report^ No. 32, P.J63) 
has a conical bpltonh the proper shs^se, ns sHbwn here 
(Fig. 328), ancl a simple outlerval\fe, consisting, of a copper 
.disk pressed against the mouth of‘the outlet-pipe by means 
of a screw. The vessel ii ma^e of cast-iron with lead lining. 
The valve is fixed in sulh a position ^hat the salt is removed 
as soon as^it forms, as shown by the inspectjpji-pipe in the 
middle of the Saturator.’ ’ , * \ • 

Ellery’s s*afurator (Gas Wdi'ld, 1895, P* 7 ^ 3 ) (Fig- 329) is 
very similar to (Jie above,* bpt is made of wo9d lined with 
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lead, with a simple trap-valve at the bottom. The acid is 
heated up before entering the saturator by the hot waste 
gases. 

Carulla (/. Soc. Cliem. Ind, 1903, p. 607) points out that the 
saturator should be provided with safety-valves, the absence of 
which once caused an accident at his works. 

• Julius Pintsch, Aktien-Gesellschaft (Ger. P. 134976), improve 
the ordinary bell-saturator by providing a perpendicular 
partition, on one side of which the acid is run in, the other side 
containing several slanting plates which force the gases to 
make a circuitous route and to give up all the ammonia to the 
acid. 

Harriot? (B. P. 47^0, 1891) removes the ammonium 
sulphate from the saturator by means of an endless belt of 
wire gauze. » 

Duggan (B. P. 5011,*1896) describes again the well-known 
arrangement, according to which the upper part of the separator 
is cylindrical, while the lower part is conical or curved, to 
promote the discharging of the sulphate. 

Ballantyne (/. Soc. Cbem. hid., 1903, p. 794) keeps the whole 
apparatus under a vacuum. AH overhead tanks can thus be 
dispensed with, as the Jiquor and the aci(f can be drawn into the 
still and saturator from any place a little above the floor level. 
He finds that the best time for “salting out ” is when the liquid 
in the saturatot is at 56" to 57° Tw. The vadhum on the pump 
and saturator should be 23 to 24 ii^, arid that on the still 13 to 
15 in. of mercury. The tota' consumption of fuel is 4 cwt. of coke 
per ton of amrpoaiuHi sulphate, f'or the safurator he uses a 
special discharger (B. P. 27070, of 1902), which at its neck has a 
seating against whijh an upwardly closifig cone, attached Jo a 
vertical spindle passing tlfrough a stuffing-box in the bottom, 
can be screwed. *ip by 'mechanical means. ‘When the dis¬ 
charger is full of crystals, the valve i? flosed, <306 a sliding 
door is moved upwards to admit of removal of the contents 
of the vessel. 

Schwab (B. P. 17585, bf 1903) avoids the drawbacks att&ched 
to cast lead or iron satufators^by employing ^eaturator with 
body and top'g^de 41 ‘one piece of lead, wRh a feflder attached 
to the body, a bottom exteedfng under thb body and fender, 
and an aperture .formed a? I^e base of the body, making a 
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passage between this and the fender. This and the body may 
be formed out of one sheet. 



Heuss (priv. conim.), instead of lead or ler.d-eovered iron, 
employs saturators ^made of earthenware, capable of resisting 
^Jx)th acids and chanps of tehappi^ture. 
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Rosenkranz (/. Gasbeleucht, 1904, p. 459; J. Soc. Chem. Ltd., 
1904, p. 602) employs two saturators in rotation, so that the 
acid in one of these can be completely saturated in the first, 
and the remaining NH, completely absorbed in tlie second, 
whereupon the gaseous current is revjrsed, so that the second 
saturator now comes first. 

Ledig (Ger. P. 71577) ‘provides the saturator with a 
mechanical stirring apparatus. Neumayer (Ger. P.. 24511) 
converts the acid into a spray; so does also Wellstein (Ger. P. 
28762). A special apparatus for that purpose is described by 
Heuss in Ger. P. 227946. • 

Zimpel^ (Ger. Ps. 161718 and 170807^!). Ps. .6891 and 
23379, of 1904; U-S. 1^. 7^^2637) recovers the ammonia not 
absorbed the first time by a second saturator combined with 
the first, on the following jjrinciple:—When dry vapours of water 
and NH.) are passed through the first saturator, no water is 
condensed in the Jiquid form, since the heat produced by the 
combination of the NH3 and the acid keeps the steam at a 
sufficiently high temperature. * In the second saturator, however, 
where but little heat is generated, there is a constant condensa¬ 
tion of water and consequent dilution of the acid. To prevent 
this, the inventor comljines both saturators to one apparatus, as 
shown in P'ig. 330. It is a combination of two bells, in such a 
way that the crown a of the lower bell G forms the floor 
bf the upper beU A Above this floor there i? a scalloped wall e, 
which acts like the dipping tube iij an brdinary saturator. The 
gases issuing through pipe c from the lower,*principal saturator, 
before being carwec^ away through </, play ‘round the upper 
saturator and keep it at such a temperature that 410 steam*' 
is condensed to liquid water. This‘apparatus is builj b/ 
the •Berlin -'Anhaltische* Maschinenbau - Aktien - peselkchaft 
(“Bamag”). ‘ ^ ^ 

The following data give compar 5 (jve results with* an 
ordinary saturator jnd bell and with Zimpell’s double bell. 
The liqupr used in both‘was Sthe same, m8 to i-ig per cent., 
and was fed in equally; the acid wasi a mixture of sattirated 
acid with fresh acid of 5^° Jlaum^. The ammonia in the waste 
gases was detqrfu'uecf by cooling them 26° C. and finding 
the amount of ammonia in the condenAtes. With the old 
apparatus, the loss went on| rapidly itfcreasing- from hour t(ji 
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hour; with the new, it remained very uniform for some hours 
and then fell off. In more detail, we have— 


, 

Old Apparatus. 

New Apparatus. 

Liquor treated, cubic metres * . . . 

8.150 

10*100 

NH | therein, kilogframs .... 

96-985 

119-180 

NHy run off in the liquor, kilograms. 

0-235 

0*293 

NH, passed into sulphate plant, kilograms 

96-750 

118-888 

Loss m the saturator, kilograms. 

6-367 

0-773 

Loss, percentage of Nn3'passed in . 

6-575 


Duration of experiment, hours . ' , 

9 i 

12 

Loss of NHg in third hours, kilograms. . 

, 0-089 

* 

0*082 

„ „ sixth „ „ 

0-388 

0-095 

,» H ninth ,, ,, 

1-554 

0*103 

.,' „ twelfth „ „ 


0*015 


The contents of the supplementary satv.rator were kept at 
sp. gr. 1-45 to i'52 by addition,of acid, the excess overflowi.1^ 
intb the saturator proper; this was emptied out every six ^ 
seven hours. The sulphate from the new apparatus was brighte^ 
than that from intermittent saturation, and it contained less 
arsenic and iron, which were easily removed with the froth on 
the acid in the supplementary sdturator. The acid removed 
from the saturator proper and separated from sulphate bjr 
draining or centrifugalling could be used over again, not having 
been diluted. " 

.An acld-saturafor, constructed by the Berlin-Anhalt. Masch.- 
Akt-Ges. (Ger. P. 165308) provides a plate w^th-nickedma^in, 
which ca'h be raised or lowered for closing the inner 'bell. 
During the work this plate is lowered, and forms a gas-lute, 
but it is raised when fresh acid is run in. Other forais of 
saturators are described in, their Ger. P: ^33518. 

Clarke, Chapman' & Po. and Robson (B. P. 27840, of 
1905) employ fbV the absorbing-acid a. closed tank divided 
by partitions which must be pafssed .'by the gases in< a zigzag 
way. ' ' ^ 

On a similar principle are, constructed the^ apparatus of 
Brotherton and Wyld (B. P. 14,349. i9o8)‘andt.of .E. Wagener 
(Ger. P. 216069). ‘ ' . 

Langlands and O’Connor (B, 17267, of 1905) construct the 
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absorbing-vessel of porcelain or enamelled stoneware, using lead 
only for connecting pieces. 

Williams and Fenner (B. P. 25547, of 1906) fix a distributing- 
pipe for steam and ammonia externally to the saturator, 
communicating with it by means of a number of symmetrically 
placed short connecting-pipes. In this way the sulphate is 
formed equally throughout all parts of the acid liquor, and 
incrustations are avoided. 

Schulte (Ger. P. 288497) surrounds the gas-entrance pipe, 
dipping into the liquid, by another pipe; in the circular space 
between these two pipes the, gases rise upwards and get 
thoroughly mixed with the liquid. 

A saturator constructed by I^artmann is described by Peters 
in /. Gasbeleucht, 1906, p. 164. 

Thiel (Ger. P. 193218) employs an apparatus consisting 
of two bell-saturators. The gases first pass through the upper 
one, and from th^ top of its bell they pass on to the lower 
saturator, where they have once more to pass through sulphuric 
apid. This lower saturator hal a double leaden bell. Openings 
are provided which ensure a good circulation below and outside 
the lead bells, without allowing the gases to escape below their 
bottom. The inner b^ll is kept at a temperature above the 
boiling point of water; the,outer one is much colder. This 
produces a circulation of the liquid in this saturator. 

• Brunck (B.* f. ,8287, of 1903; Fr. Ps. 331077 and 356589) 
provides his saturators with a nun^er of “ dipping elements.” 

Rothermund and the Aktien-Gesellschaft fiir Kohledistilla- 
tion, Diisseldo^^ (JJ.S. P. 1067843), employ a "SaturaTor, divided ' 
intdk two halves by a partition not reaching dovan. to the\ 
bottom. The gasqp, cooled and freed* from taf, enter ^into«» 
one ef these halves; tHfe other receives the ammonia-con¬ 
taining vapoura .driven 'out of the gaa-water oStained by 
cooling, and Jiot fire-gases 67 aif fot^expell^g the water ' 
condensing here. ^ * . 

Kopgers (B. P. 834, 1513; per. P, 272601) passes a portion 
of the ammoniacal vapoflrs into the upper part, the other part 
of the vapours into the’ bottom of the saturajqr, close to the 
place whenc^’^he solid sulphate is taken f»om, thereby securing 
the formation of a neutral fafl; without loss of ammonia. The 
excess of ammopiacal gas’entering here completely saturates. 
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the acid liquor descending from the top, and at the top the 
excess of acid retains the last portions of ammonia. 

Wagener (Ger. P. 234688) protects the upper part of the 
saturator against loss of heat by an insulating coating, and, on 
the' contrary, cools the Ipwer part by outside rinsing with water. 

C. Otto & Co. (Fr. P. 459219) employ a cylindrical saturator 
with a truncated conical bottom, )jrovided with an overflow and 
an ejector which transfers the deposited sulphate to a funnel- 
shaped vessel, placed higher up, from which the mother-liquor 
is returned to the saturator. 

Barnick {Chemische Appamiur, 1915, ii., p. 61) describes a 
plant for the manufacture of ammonium sulphate, ip which the 
concentration of the sulphuric,acid is,so chosen ( = 55 per cent. 
H2SO4) that, divided by the heat of neutralization, steam is 
constantly evolved and the ammonium sulphate crystallizes out 
as it is formed, and can be continuously removed. 

The “Bamag” (Ger. P. 279134) treat th^ condensing liquid, 
obtained in the “direct” process for producing ammonium 
sulphate, with sulphuric acid, before introducing it into the 
saturator, while still hot, whereby the ammonium chloride 
present therein is converted 'into sulphate; the hydrochloric 
acid evolved covers the expense of the jyocess. 

P. von der Forst (Ger. P. 280652) passes the NHj produced 
in distilling gas-liquor' before entering into the ammonia 
saturator, through a vessel containing a eop[ 5 er salt, wherfe 
cupric cyanides are fortne(^; these, when being treated with 
dilute sulphuric acid, pass over into a solution of ammonium 
sulphate. ' <• , , 

The saturator of Plzak (Ger. P. 189473) is divided by parti¬ 
tions, and the compartments thus forme4 are charged with 
acids.of different concentration. The gases are first passed 
through weaker 'acid/ which absorbs ftiost of the ammonia, and 
then through strong atid.' After some time some acid is run 
from the latter into the former compartments, and is replaced 
by fresh acid. • 

Keppers (Gen P. 18^846) prevents dilution of the bath in 
the saturator by reheating the gases'from a still, which had 
been previo^ly coded for theipurpo'sq of ,,sf{jfirating the 
tar, by means of the excess heat,of the crude gas or other 
waste heat. 

W 
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Feldmann (R. P. 11525, of 1902; Ger. P. 134976) arranges a 
second saturator over the first, connected with it by an over¬ 
flow, opening into the bell of the lower vessel, which is thus 
supplied with relatively fresh acid. A similar principle is 
employed by Koppers (Ger. P. 140350).^ 

Chatfield (Ger. P. 82443) employs technical “nitre cake” 
(the residue from the manuflicture of nitric acid, consisting 
of an impure sodium hydrosulphate) for the absorption of 
ammonia. ■ 

Pallenberg (B. P. 5657, of 1908) covers the lead coating 
of the saturator with plates of ,acid-proof material, bound by 
means of an acid-proof binding medium. The bell or partition- 
wall of the saturator may be .constructed entirely of such 
material, but in this case the crown or cover of the bell is 
attached loosely with putty to the cylindrical portion, with an’ 
outer cover, bolted on, kee’ping the whole right, and yet allowing 
each part to expatyi individually; cracking of the bell is thus 
avoided. 

Frerichs (U.S. P. 905415, of 1908) combines ammonia with 
ammonium hydrosulphate and heats the normal ammonium 
sulphate thus formed so as to give ammonia again, and acid- 
ammonium sulphate (jr pyrosulphate to be re-used in the 
process. If the ammonium i^ulphate contains nitrogenous and 
other carbon compounds, it may be purified by heating the 
impure salt in*^ blast of air to such a temperature that the 
volatile carbon compounds are vol|tili*d or oxidized, and the 
nitrogenous compounds are converted into ammonium sulphate 
by reacting wit(} tlje sulphuric acid of the amnTonium salt. 

Erlenbach*(Ger. P. 203309, loth Jan. 1908), in order 4 q retain' 
the ammonia coming from the saturator ’^hen the dtid is nejirly 
saturEi^ed, allosvs these gasSs to meet the sulphuric acid intended 
to flow into the saturatos. • This had been*dontf previously, but 
id as hitherto u^ual, the acid is St th? strength reijuired for the 
process within the saturator, the terflperature .rises too high in 
the lead-lined aipparatus whei^ the gases meet this acid, and 
the lead lining is rapidly destroyed.. This is avoided by 
employing .only a portioft, say one-fifth, of th^ sulphuric acid 
for the purpp?,p^in (juSstion ;• running foift-fifths^traight into 
the saturator, diluting the Ijst* fifth with rather more than its 
Weight of water, and emploJL^g this dilute acid /or absorbing 
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the NHg escaping from the saturator. The temperature in this 
case never rises above 109°, and the NH3 is completely retained. 

Chur (Ger. P. 277379) enriches the gases, after removing the 
tar, by fresh concentrated ammoniacal liquor (obtained by 
passing gas-liquor thrqugh a boiler, provided with a reflux-'^ 
cooler), whereby the gases going into the saturator are sufficiently 
heated to dispense with further Heating. 

The Soc, Lorraine de Carbonisation (Fr. P. 454246) employs 
a vertical bell-jar, immersed in the liquid of a saturator,, 
provided with perforations. 

Hilleke (U.S. P. ii63753)f provides the saturator with a 
cylindrical baffle^ to the upper part of which ip attached a 
circular trough for supplying,the acjd. 


Absorption of Ammonia as Sulphite. 

Sulphur dioxide has been employed for absorbing ammonia, 
afterwards converting the sulphite into sulphate by the action 
of* air, partially or entirely, by Laming, in 18,52; by G. E. 
Davis (/. Soc. Client. Ind., 1883, p. 521); by Addie, for absorb¬ 
ing ammonia direct,frpm b'last-furnace gases (p. 175); by 
A. M'Dougall (B. P. 15496, of i884)„who passes kiln-gases 
from sulphur- or pyrites-burners into an ordinary saturator, 
and oxidizes the crystallizing ammonium sulphite to sulphate, 
while the mother-liquor, containing sulphke«as well, is used 
for scrubbing coal-gas', ini which case it absorbs ammonia 
and decopposes^ the hydrogen sulphide with precipitation of 
.sulphur; and by Deck (B. P. 17050, 0^1887). , 

CoHett and Eckardt (Ger. P. 268497) and E. Collett (Ger. P, 

' 283461) oxidize the ammonium-sulphite .solution by running 
it down ip a scrubber through which air is ))umped> in a 
circulating stream id such,a way that gas'escaping from the 
apparatus cohtains atout ,10 per cent, oxygenr The B. P. is 
16629, of 1911; the U.S. P. 1052797. . 

Burkheiser (Ger. Ps. 236757 afid 256341) oxidizes the 
ammonium sulphite by*subliming it in a current of hot air. 

Fritzsche (Ger. P. 256400) ,cau*es SOj to act an alumina, 
oxidizes the* aluminium SilphiW into sulphate and converts 
this by ammonia itfto ammonium sulphate. !' 

Barth (Ger. P. 235157) co,nyerts the H5S, expelled from 
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gas-liquor, into SOj, and utilizes this for the absorption 
ofNH,. 

Bambach (Ger. P. 279953) decomposes the sulphates of 
alkaline earths by neutral or acid ammonium sulphides, or the 
components thereof. 

Young (B. P. 1310, of 1880) conveys tHe ammoniacal vapours, 
evolved without using lime, nof through a saturator, but along 
with air through a fireplace, where the ammonium sulpljide is 
partly burned into sulphite and partly into sulphate, which are 
conveyed into a suitable condenser. The ammonium sulphite 
is converted into sulphate by,passing a current of heated 
air through Jhe solution (as previously proposed by Laming). 
Since the gas-liquor never^contaiijs enough sufphides to convert 
all the ammonia into sulphate, sulphur dioxide is mixed with 
the products of distillation before or after they have passed 
through the fire, or else' the condensed liquid is saturated 
with sulphurous or,sulphuric acid. This process is evidently 
altogether analogous to that patented by Messrs Addie for 
blast-furnace gases {supra, p. 1*75); it has the disadvantage, 
however, that at the high temperature employed much ammonia 
will be burned, and that the Condensation of the highly 
heated ammonia compounds diluted with air is not an easy 
matter. 

Hemingway (B. P. 9432, of 1899) burns part of the H2S 
e'Jolved in the rflanufacture of ammonium sulphate and scrubs 
the SO2 produced in a coke-tower, Jo the upper part of which 
ammonia is admitted, passing on the surplus SOj to a second 
tower. The anjmsniam sulphite is decompbsecrty ferrous 
sulphate into a mixture of ferrous sulphite and atum^onium' 
sulphate, which in a, third coke-tower is* treated ^ith another 
part of the HjS originally Evolved. In this tower FeS and.S are 
deposited as^olids^ and thfe solution of amcnonhim sulphate is 
run off from the bottom. Cf. also 'AlkdU Inspetfor^ R^ortsi 
No. 35, p. 142, and N(^ 36, p. 172, concerning oxperiments on a 
continuous removal of sqlphijiretted hydrogen by means of 
manganese salts and oxygen. . . * 

Stutzer.(Ger. P. 2S5I39) allows air or oxygen under an' 
increased pre^^je of, one or several atmospheres* to act upon 
ammonium sulphite at a .temperature at which vigorous 
dissociation of ammonium sulphite takes place. 
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The Chemische Fabrik Pommerensdorf and R. Siegler 
(Ger. 281095) absorb ammonia from gases, vapours, etc., 
by mixing them with sulphur dioxide and recovering the 
ammonium sulphite in the form of a concentrated aqueous 
solution by drawing the mixture by means of a centrifugal 
fan, into an atmosphere saturated with moisture, cooling being 
avoided; the NHj and SOj still contained in the exit-gases 
are recovered as ammonium sulphate by passing the gases 
through a wooden tower packed with wood charcoal or 
coke. . 

The Badische Anilin- und ,Sodafabrik (Fr. P. 463487; B. P. 
I 2979 > 1913; Ger. Ps. 270379, 270574. 273306,^273315, and 
276490) treat a concentrated, slightjy ammoniacal solution of 
ammonium sulphite at about So'^ with air under a pressure of 
20 atmospheres or more, in the presence of a catalyzer, such 
as porous earthenware impregnated vvith manganese hydroxide. 
The U.S. P. 1091234 of Mittasch and Mgrawitz, assigned to 
the Badische, is for the same process. 

. The same firm (B. Ps. 12845 and 14114, of^1914; U.S. P., 
of Bosch, 1106919) heats ammonium bisulphite in aqueous 
solution at an initial teinperafure of 50” to 100° in the presence 
of a catalyst, preferably sulphur; otljer catalytic substances' 

selenium, tellurium, arsenic, 01 their compounds—and many 
other substances are also applicable. Several modifications of ■ 
this process are described. 

Their Ger. P. 270379 ([J.S. P., of Bosch, 1133086) describes • 
the conversion of ammonium bisulphite into sulphate, by 
passing the sofution through tubes, heated.to 150“ under 
pressufe. 

.Their Ger. P. 27 b 574 shows that bj; adding to aqueous 
solutions,^ in which the bisulphite* has been converted into 
sulphate, moreMorraal or acid sulphites the sulphate is made to 
crystallize oul:. • ' , 

Pure ammonium sulphate is obtained by Tufts ,(U.S. P, 
1065066, assigned to the Semel^Sol'^y Co.), by rapii^y heating 
crude ammonium sulphate so as to* drive off ammonia with 
its accompanyicg impurities, leaving Ammonium hydrosulphate 
behind. Tht evolved ammonia is sepa'rated (rpij the volatile 
impurities and reeombined with, the acid salt to form pure 
normal ammonium sulphate. 
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Other Ways of producing Sulphate of Ammonia. 

Cobb (Ger. P. 275453) treats gases, containing ammonia and 
sulphur compounds, with the solution of a metallic sulphate, 
obtains the ammonium sulphate thus formed from the solution, 
and regenerates the precipitated sulphide to sulphate by roast¬ 
ing-and treatment with air. * 

Vis (B. Ps. 9699, 1911; 2002,-1912; 2462, 1914; U.S. Ps. 
1152244 and 1152245; Fr. P. 427067) prepares ammonium 
sulphate by the interaction of NH3, COj-s and CaSOi in a 
saturated solution of ammoniun) sulphate. 

La Suburbaine, Soc. an. (B. P. 4687, 1914), carries the 
ammoniacal vapours into_^a chamber in whicii an acid fog is 
produced. 

Mackenzie (B. P. 10059, 1914; U.S. P. 1155753) produces 
ammonium sulphate directly from the ammonia and the sulphur 
compounds containe/i in. coal-gas. This gas, after removal of 
the tar, is passed in a moist state, together with a nitrogen 
oxide, at about^93° into a vessel^ where the sulphur compounds 
are oxidized and ammonium sulphate is formed. The excess 
of nitrogen oxides is absorbed ill sulphuric acid of 70 to 80 
per cent.; the coal-gas i.^ ultimately purified by lime. 

Duvieusart (B. P. 17475, 1915) washes the coal-gas with a 
solution of sulphited organic bases, obtained from tar or tar- 
oifs by treatmenWkh sulphurous acid, and hSats the solution, 
whereupon ammonium sulphate is pyodifced. 

Still (B. Ps. 28072,1912, and 28245,1913) obtains ^monium 
sulphate directly frorft coal-gas by cooling,'saturating, and 
heating in a tower. . 

P. E. Williams i[B. P. 2841, i9i4)'prepares*ammonijim 
sulphate from'sulphocyamHes, e.g., ammonium sulphocyaaide, 
such as it is formed in tlie ‘manufacture of toal-^as, by heating 
with an alkali.or alkaline earth in thS,presence of water, 
removing the CO foroied, evaporating the solution to dryness," 
mixing aptl covering it with lisae-mud, heating to 500° to 600° 
in the presence of water or steam, and absorbing the esedping 
ammonia in sulphuric aciJ. , ^ 

Schuster and. British Coke Ovens, Ltd^ (B. Ff 6061, 1914), 
pistil gas-liquor by gas withdrawn front the main, after 
femoving the tan and reh*eaking, and return the resulting 
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mixture of gas and NHj to the gas-main at a point where 
the pressure is lower than that of the gas containing ammonia, 
and pass the whole to a saturator. 

J. W. England (B. P. 26429, ipn) passes the NHj gas into 
a solution of iron sulphate and separates the resulting iron 
oxide from the solution of ammonium sulphate formed. 

Layman & Co. (Ger. P. 2449E4) obtain ammonium sulphate 
immediately in a solid form from coal gas by exposing this to 
lignite dust, soaked with sulphuric acid. Since in consequence 
of the heat produced by the formation of the sulphate the 
lignite is destroyed, technical ammonium sulphate is thus 
obtained without any further treatment. [It is, however, 
doubtful whethe? this process will pay, since a ‘considerable 
amount of sulphuric acid will be decomposed by the action of 
the lignite at higher temperatures.] 

Easterfield (Ger. P. 160402) prepJfres a concentrated solution 
of ammonium sulphate by treating ammoniacal liquid with 
calcium sulphate and returning the resulting solution to a gas- 
wjisher. 

The Verein chemischer Eabriken at Aussig (Ger. P. 280967) 
prepare ammonium sulphate by heating ammonium nitrate 
with an excess of sulphuric acid, so that the distillation is 
finished below 152°; this yields almost the theoretical quantity 
of very pure nitric acid, and the residue, after being neutralized 
with ammonia, i? marketable ammonium stilptiate. 

The Badische Anilin- qpd Sodafabrik (Ger. Ps. 281174 and 
appl. Bi5^49) prepare ammonium sulphate by passing gases 
containing hi Hj'and CO.^ through an aqueqps _mud of calcium 
sulphate, kept in continuous motion, separating the slime of 
calcium carbonate fr6m the solution of^ammonium sulphate 
by .immersion filters,” and heating the slime-to exgel the 
ammonia* retained,* which is recovered by, condensing the 
vapours. , ^ , ■ 

• Their B. P. 27962, of 1^13 (communicated to J. Y. Johnson; 
Fr. P. 466302), states that it wdl known that by treating 
calcism sulphate (?.^.,gypsum) wifti either a dilute or a 
concentrated solution of ammonium \:arbonate or J)icarbonate, 
double deccanpositton takes place, resblting ji^’Jhe formation 
of ammonium sulphate and cafciipn carbonate. If ammoniumf 
bicarbonate js used, it may necessary, to complete the 
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decomposition of the calcium bicarbonate formed, e^. by 
heating the mixture. Hitherto this simple reaction has been 
but little used, owing to the difficulty of separating the fine 
precipitated calcium carbonate from the ammonium ^ulphsjte 
solution, and of completely recovering the ammonium sulphate 
from the calcium carbonate mud. Filier-presses, etc., are in 
this case of little value, on account of the large quantity of 
water required for washing the precipitate, and the cost of 
evaporating this water; further, the calcium carbonate is 
incompletely washed out, so that some ammonium sulphate 
is lost. The patentees claim as their invention (t) the manu¬ 
facture of ammonium sulphate practically free from calcium 
salt, by treating calcium sulphate with ammonium carbonate 
or bicarbonate in the pfesence' of water, then filtering the 
solution so that the calcium carbonate sets on the filtering 
surface in a continuous adherent layer of uniform permeability, 
and then washing it with water until it is practically free 
from ammonium sufphate. (2) The manufacture of ammonium 
sulphate practically free from calcium salt, by treating calcium 
sulphate witlf ammonium carbonate or bicarbonate in the 
presence of water, then dipping into the suspension obtained a 
hollow frame or box, having at one (cJr rfiore than one) of its 
sides a filtering membralie or |ts equivalent, placing the inside 
of the frame or box under less pressure than the outside, and 
deawing off from ijs inside liquid which passes through the 
membrane, then surrounding with water the frame or box and 
the calcium carbonate adhering to it, and tjjen contiriuing to 
apply reduction of prqpsure at the inside of the frsSe or box 
until’ the calcium carbonate has been sufficiently fr^ed from 
ammonium sulphate. 

Tchudy (U.S. Ps.*1155385 and 1155386) obtains ammqpfum 
sulphates from coaJ-distilja*ion gases by sulphuric acM. 


Coloratioh of liie Ammonium Sulphate. 

The article sent out into the trade is hardly ever quite wliite; 
it is usually grey or yellotv,, or red, brown, or blue. Although 
these colours.lyiye np influence upon the ibnctiorr of that salt 
as a fertilizer, and the substances causing them are only present 
- in extremely slight quantities, such coloured, sulphate is 
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frequently objected to. The causes of the coloration are 
different. According to the /. Gas Lighting, etc., 1905, p. 360, 
if the acid is saturated down to the specific gravity =49° Tw., the 
salt produced is white, but soon takes a blue colour owing 
to the formation of Prussian blue; or a yellow colour if the 
ammoniacal liquor had contained tarry substances, in which case 
light tar-oils and phenols get into the acid bath. Acid con¬ 
taining iron sometimes causes a red colour of the sulphate 
through the formation of sulphocyanide. 

We shall deal .with the causes of the blue colour of 
ammonium sulphate in a latter part of this chapter, .when 
describing the properties of commercial sulphate of ammonia. 

When using ’acid containing arsenic and iron in closed 
saturators, the salt obtained is more impure than that produced 
in open saturators, where the froth, forming there, which 
consists of sulphides and of tarry matter, is regularly skimmed 
off, whilst in the closed saturators this is not possible. We have 
mentioned this supra, especially also the communication from 
M/ Watson Smith (p. 1469), dtscribing the way of obtaining 
perfectly white sulphate. To be sure, as pointed o’iit by Francke, 
when working in open saturators and taking out the sulphate 
at once after the acid ft neutralized, there is always a loss of 
ammonia on drying the salt, and^he acid sulphate thus formed 
is not liked in the trade. This is confirmed by Koppers, who 
points out that such acid sulphate is not fit/oi; 4 )eing exported, 
as the acid gradually destro^ys the bags or casks in which it is 
sent out. This drawback has been avoided, eg. at Silesian 
factories, drying the sulphate at higher, temperatures, and 
grinding, it before sending it out; but this 'proceeding is 
somewhat e 5 cpcnsive. ‘ On the other handj by mei:ns of closed, 
contis.uously working separators, it^s possible to prodjice at 
once an almost nefjtral sulphate ef, at Iq^st ?5 per cent. 
NHj (chemifally puve contains 2575 per cent. 

■NHg), and no more' than‘o-4 per cent, free acid, as demanded 
by the conditions laid down t^thej German Ammonia-selling 
Union. . ‘ , 

Gebruder, Jfinselmann (Ger. ^ F. 284641) ojjtain pure 
ammonium calts, remaining c'olourlesS ,when kfpt in stock, 
from slightly coloured crude salts jpy heating the crude salts nof 
quite up to tfie point where the}^ volatilize, v^hereby the soluble 
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impurities are transformed into insoluble compounds, and can 
be removed by recrystallizing the salts. 

H. Koppers (Ger. P. 254014) treats the ammonium sulphate 
taken from the saturator, after mechanically removing the 
mother-liquor, with gaseous ammonia £rom the main current, 
whereby the free acid is saturated and the salt is dried. 

Dahl (Ger. P. 266192) removes the brown colour produced 
in ammonium sulphate by iron-thiocyanate compounds, by 
treatment with a solution of ammonia or of uric acid. 

Rigby and Wetcarbonizing, Ltd. (B. P. 1^8559,1914), prevent 
the coloration of ammonium sulphate, caused by tarry particles 
adhering to,the sulphate liquor, by mixing,this liquor with 
light tar-oils, which dissolve the ,tar adhering to the ammonia, 
and are separated from the liquor by decantation. 


Treatment of t)u Sulphate taken out of the Saturator. 

The crystallized mass take^n out of the saturator is first 
put on to & ^draining-bench, that is an inclined wooden 
bench, covered with sheet lead, and placed in such manner, 
that the* draining-off liquid runs tack into one of the 
.saturators. Sometimes, the sulphate is simply taken away 
from these drainers after a few hours as it is, and sent out 
into the market. 

The sulphates obtained in this way is, however, very in¬ 
completely dried and very acid, and rejected by many .buyers. 
It ij therefore decidedly preferable to piss i^,*’hrough a 
centrifugal niacliine,'{.x<Sca which it issues with about 4 per cent., 
water, which during the keeping of the sulphate in stosk still 
partly evaporates, so .that it can be sent into the market con¬ 
taining only 2*or 3 per cenl. water and about 0-4 per.cenf free 
sulphuric acid. • • * • * ^ ^ * 

A centrifugal machine, constructed for*this special purpose, 
is built by Heinrich Koppers, of Essen. It Is driven by an* 
engine connected directly^’.witli^ it. The spindle carrying the 
draining-cylinder is placed in the upper part 6f a strong cast- 
iron frame ;• bj^ avoiding any bqpring at the bottom, no liquor 
can get into the*»ovi«g parts.* ,The salt is discharged through 
an opening at the bottom of the cylinder. * 

During the centrifugalling,the free acid present 'in the salt 
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can be removed by squirting a small quantity of water on to it, 
after the mother-liquor has been removed. In lieu of water, 
Wendriner (Ger. P. appl, W34730) employs a solution of 
ammonia in this 4)rocess, thus obtaining a neutral salt of regular , 
composition. 

Wilhelm (Ger. P. 286242) employs for draining the 
ammonium sulphate a semi-cylindrical vessel, mounted on 
trunnipns, so that it can be tilted into the centrifugals. 

As the ordinary ammonium sulphate, containing a little 
water, on being kepf in stock for a long time turns into a hard 
mass which requires grinding, Robert Muller (Ger. P. 223098) 
submits the sulphate, obtained by centrifugalling and washing 
with water, to a'second centrifugalling under the influence of 
dry air. 

Bonneau and Hasenfratz (Fr. P. 468535) treat crude 
ammonium salts, after drying and “removing the sulphur by 
means of chloroform, by extracting them in a diffusion battery 
by means of condensed water, containing NHj, from the drier. 
The residue is worked up, with the aid o{ hot milk-of-lime, 
into calcium ferrocyanide, which can be precipitated by 
potassium chloride as a double salt. 

R. England (B. F. io^Si, 1908) removes the moisture and 
free sulphuric acid, which damage the packages and may be 
injurious when employing the sulphate for agricultural purposes, 
by mixing it with dry, ground phosphates. 

The store-rooms for'the finished salt are preferably protected 
by covering the ffloor and the sides with sheet lead, or with 
asphaltic ceiheflt. This is especially necessary when storing 
the salt, merely drained on benches, not by centrifugals. Iq 
that case the lead-cOvered floor should be slightly inclined to 
one. 'ide, with a shoot for running the draining-off liquif} into a 
lead-coated box. The drying of the salt should be promoted* 
by steam-heated pipes, 'placed along the sidps of the room. 

' Sometimes special, mechanically driven, drying apparatus are 
employed, like the Thelen paqs, dercribed in Lunge’s Sulphuric 
Acid and Alkali, 3rd edition, iii., pp. 123 et seq. (1911). 

The grati^lating, drying, and slreening of thq ammoniuntf. 
sulphate is effected* by the Sod du Gad d/s Pari^''(Fr. P. 402164), 
as follows-The wet salt is fdd ,through a hopper containing ,a, 
distrihuting^appliance, to the bpttora of a cjiain-elevator, whii^^ 
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conveys-it into a granulating apparatus. This consists of a 
series of parallel plates, milled at their edges and mounted on 
a common vertical axis, about 'which they rotate horizontally 
between baffle-knives, fixed to the casing of the apparatus. 
From here the material gets into a drying-chamber, consisting 
of a long horizontal cylinder, fitted with'a screw-conveyer. Hot 
gases pass from a furnace.thraugh the cylinder in the opposite 
direction to that of the material. Near the extremity^ of the 
drying-chamber, the dry salt falls through a screen into a 
delivering hopper; any material which ij too coarse to pass 
through. the screen is propelled by the conveyer against a 
'grooved plate, which forms the end wall of the drying-chamber. 
The material thus lodged between the end of the conveyer and 
the grooved plate is thereby subjected to a process of tritura¬ 
tion, which enables it to pass through the screen. , 

Packages. —In Germarty the sulphate of ammonia is usually 
sent out in bulk in closed railway trucks. In Great Britain, 
however, and everywhere for the export trade, it is packed in 
bags, holding about 2 cwt. each? 


Pkkvention ok Nuisance from Ammonia-works. 

Ammonia-works, if not qiJite properly constructed, may be 
a great nuisance to the neighbourhood. The sources of this 

are various, andWiH be dealt with seriatim. * 

• 

I. The Reception^ Transportation, and "^iprcigs of the 
, • * Ammoniacal Liquor. 

These operations can be made innocuous tt'herever ^the 
sulphate-works are within reasonable distance of the gasjjvorks 
which produce the.amnjcjniacal liquor, by conveying it by means 
of pipes. Dr Ballard recommends ufideiground pipes; but we 
should decidedly prefer overground pipes, wherever possible, as 
in the former leakages may ocpiir and continue for a long time 
without iJeing detected. ‘Wherever the liquor has to be con¬ 
veyed to ^ a greater distance, tank-wagons ,(y barges are 
employed, exactly those, fised for conveying gas-tar, and 
similar precautions should b^ tiken in both cases. Pipes should 
be laid from the g^s-works tft the place of loading,; the tank or 
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hold of the boat should not be covered with loose platiks in the 
perfunctory way often noticeable, but closely; the tar or liquor 
should be introduced by a close conduit, and, to prevent ail 
nuisance, provision should be made for the escape of air from 
the tank through a box^ containing trays charged with hydrated 
iron peroxide. Tank-wagons should be c^rged from elevated 
reservoirs by a hose, through a' manhole at the top, without 
exposure to the air; the manhole is afterwards closed by a 
tightly screwed-down lid. On arriving at the sulphate-of- 
ammonia works, th& liquor should be run or pumped into the 
reservoirs with simiiar precautions, the vent through which the 
air must escape being guarded by a small oxide-of-iron purifier. 

2. Leakages about the'Apparatus. 

These may cause local escapes of foul gases. This may, for 
instance, occur about the angles or' edges of the curtain in 
fishing-boxes, by lids not being properly, fastened down, by 
insufficiently luting the curtain with liquor, etc. Nuisance 
arising from such cases can l 5 e instantaneously detected by 
those in charge of the works, and may be prevented by ordinary 
care. ' 

3. Treatment of the Condensed Water. 

The gases escaping from the saturator, consisting principally 
of CO.^ and H„S,>'carry very much steam along*, which must be 
condensed by cooling teforp dealing with them by combustion, 
etc (see p. 1497). The condensed water is, on account -of 
its extremelphibjectionable smell, called I' dpvil’s water,” and is 
not very easy to deal with. If'mixed with the lime-miid, it 
renders the' latter afi the worse to remove. Allowing it to 
drain-away in the soil is not always*practicable.. Some,run it 
into the ash-pifof the gas-retorts. Tjie be^t,method is to run 
it back into (he stills’; bitt this causes waste of fuel. Where 
‘the sulphuretted Jiyirogeif is removed by oiide-of-iron purifiers, 
the “devil’s water” can be filjeredtthrough the spent oxide. 
This‘ can be avoided, by taking «iway the water at the 
hottest part, pf the condensing-apparatus, where it con-, 
tains so little H^S' that it may be tup aw^(l, without any 
trouble; but then* the gases "are not very well dried and 
^ are more (Mf^cult to treat. 
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4. IVasU Ltqmr and Lime-mud from the Stills. 

Usually these waste liquors are discharged while hot, and 
the slight proportion of ammonia they contain is then given 
off, and causes a very perceptible smell in the neighbour¬ 
hood. The obvious remedy is, to thoroughly exhaust the 
liquors. • 

Lubbergcr' estimates the ammonia in wa.ste .still-liquor as 
follows:—Into a round-bottomed flask, holding 400 c.c., three 
lumps of quicklime of the size of a walnut #ire placed, the flask 
is half-filled with liquor, hot frop the still, a cork is inserted, 
and the whole shaken up, until it takes a dark brown colour. 
When the fime has been slaked, the flask fs cooled under a 
water-tap, 50 c.c. is filtered into a beaker, and titrated with 
seminormal hydrochloric acid until the brown colour sudjienly 
changes to light yellow. From the acid employed, the quantity 
required by the dissolved lime is deducted; the remainder has 
been used for combining with ammonia. 

Dr Ballard mentions that M!*Steuart, of Clayton, reduced tie 
ammonia in th*e liquor down to 0 002 per cent. The hot waste 
from the still should not be conveyed away by an open channel, 
but by a pipe. Before reaching a ct)mmon sewer or public 
watercourse, it must necessarily pass through a settling-tank, 
both in order to separate the solid refuse from the liquor, and 
tcfcomplctely cc^l tie latter before it gets intti any sewer with 
which house-drains communicate, yr into any watercourse in 
which fish exist The settling tank should# be covered over, 
and should be ventilated merely by a pipe ofliufficient length 
to condense any vapours risiilg through it The lima deposit 
(which contains a great deal of calcium iJblphide) should neyer 
on any, account get into thft sewers or watercourses, whesa it is 
sure to give, off. 4ulph«i;etted hydrogen. • Evtn wfiere it is 
entirely kept b^ck in the settlin^-tai!k, if mayteajase nuisance 
when being disturbed ^for removal, ahd again .when depositing* 
it on a heap. It should therefqte be removed as expeditiously 
as possible, and with 311 imaginable precautions against 
unnecessary, exposure to the air. It should bs covered up 
during transqjJ^mn fro*m tha premises, afid if ^ot down in 
any open place where it is Ijkely to be a nsisance, the surface 
’•Z, mgew. thtm., 1899, p. 109. 
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of the heap should at once be covered with earth and patted ! 
down. Wherever that is not possible, it is best to excavate 
large pits in the ground, which, after being nearly filled'with 
such lime waste, are covered up with soil again. But in this case 
care must be taken that no nuisance arises by foul drainage 
from such pits. 

In some cases the lime wastfc may be utilized* by grinding 
it up with a little fre.sh lime and a good deal of cinders or the 
like, when it will form a very well-setting and somewhat 
hydraulic mortar, which approaches in composition the well- 
known Scott’s cement. ^ 

Even when the waste liquors have been completely clarified 
by repose, and have been practically freed from ammonia, the 
neighbours or the public authorities often oppose their discharge 
into .public watercourses, on account of the tarry matters, 
which impart to them a brown colour and a certain smell. 
Such opposition is sometimes founded on, quite unreasonable 
grounds, e.g. on the presence of calcium chloride, which, of 
course, is both unavoidable and‘'harmless; but the same cannot 
be said of the tarry matters, etc. Sometimes, owing to the 
presence of such matters, the liquors will not even readily clarify. 
In such cases a remedy, as I have convinced myself by experi¬ 
ment, is nearly always possible* by producing in the liquor a 
precipitate of hydrated oxide of alumina or iron, which carries 


down the tarry rrfetters and other impurities, an-J leaves a nearly 
colourless and quite inoffensive liquid. Such a precipitate 
is caused b^ adding a sufficient quantity of sulphate of 
^alumina, or preferably, of sulphate or chloride of iron, along 
with spfficient lime to completely precipitate the metallic 
‘ base, but no more. ' 

Kenig* found in waste liquor froln ammonia-stills 20453 g- 


solid resiefue pdr litre, containing' c * »= 

Calclufc sulphcfcyanid? . . . '. 2*328 

Calcium sulphide . . . *• . . 2*563 

Calciiun thiosulphate * . .1^1 

Calcium sulphate ■ . . . . . 0*578 

Phenoli etc., extracted by ether .• . . 0*608 

Lime.t . • . '. 6*448 


Other matters^ partly combined with lime 


6*805 


* l^erunreinigung der Crasser, Berlin, {887, p. 354. 

» . f 





WASTE LIQUOB AI^D UME-MUB uW. 

(Evidently this liquor had not * been' clarified.) The 
deleterious effect of such liquor is usually ascribed principally 
to the sulphocyanide (thiocyanate), although this is not quite 
certain. Where the sulphocyanide is recovered from it (cf. 
infra), probably no nuisance will result from this quarter, 
except where the spent liquors are subifiitted to the “bacterial” 
treatment, since phenols are,poisons for the bacteria. P. F. 
Frankland and H. Silvester (/. Soc. Chem. Ind, 1907, p. 231) 
found that the average contents of the spent liquors examined 
by them was I53'8 parts of sulphocyanide (in maximo 171-7 
parts) per 100,000, the average contents of the sewage containing 
such liquors being 9-3 parts in* 100,000. Gold-fish can live at 
least twentjf-four hours in solutions containing up to 250 parts 
CNS per ioo,ooo; at 43b parts*they showed signs of distress; 
at 500 parts they died. But bacteria are much more sensitive; 
Bacillus colicommunis suffers already in the presence of ifi parts 
CNS in 100,000. The sulphocyanide is not destroyed by the 
septic treatment. * 

Skirrow (/. Soc. Chem. Ind., 1908, p. 58) estimates the 
amount of pHenols lost in the spent ammonia liquors at c?37 
to 0-55 lb. per ton of coal carbonized, against 0-53 lb. recovered 
in the tar, so that about half of the iphenols produced in the 
gas-retorts is lost in*the s^ent liquor. He estimates the 
quantities of substances, contained in these liquors, per 1000 
e.c. of effluent, expressed as sodium salts, at 

• 

Tar acids . . . 2-12 grams. 

Sodium thiocyanate . . 3-14* „ 

Radium tBiosulphate . . 1-58 * „ * 

Sodium ferrocyaniSe. . 0-28 „ 

• 

Bficteriah Treatment cf the Liquor.—'Lmez and Elj;^ (B, P, 
19074, igiq) filt,e/ the; wi»ste ammoniaca], liquor through coke, 
then mix it wjth animal charcoal, and pass it into a settling- 
tank, where bacterial action takes*place* w^th the result that 
the animal charcoal absosbs aqy free ammonia present, as well 
as the whole of the tar-oils and the phenoloid bodies. At 
the outle^ of the settling-tank the effluent is pure enough to 
allow of its^being ^istharg^'into rivers* or streams. 

G. J. Fowler {Forty-fourth Report of {he Alkali Inspectors, 
p. 51) found tl^at the ba<^eria oxidize the thjocyanate to 
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sulphate, and also dekroy the phenols. The spent liquor 
absorbs 250 grains oxygen per gallon; the effluent afterwards 
on the average only 22 grains. This process is also discussed 
in the ninth report of the Royal Commission on Sewage*' 
(quoted in Chem. Trade 1915, p. 374). The Bradford 
Corporation are now treating the whole of the waste liquor 
from the Corporation gas-works,in this way, and thus obtain 
a purification of over 80 per cent., as measured by the oxygen 
absorbed from permanganate in three minutes. The inventor 
had come to the conclusion that it is better to allow a dilute 
solution of the liquor to circulate again and again through 
the filter, rather than to pass a very highly diluted liquor 
through once. > ' 

Diamond (B. P. 15543, of 1899) clarifies the spent liquor, after 
settling out the mud in the ordinary way, by means of alumino- 
ferric take, which is afterwards removed by means of a filter- 
press. 

Recovery of Sulphocyanide {Thiocyanate] and Fcrrocyanide 
from the Waste Liquor. —We have previously (pp. 1450 et seq) 
de&ribed Grossmann’s process for working-up ammoniacal liquor 
without the formation of a no^cious effluent and with recovery 
of sulphocyanides and- ferrocyanides. Later on (/. Soc. Chem. 
Ind., 1908, p. 394; B. P. 7932,^ of 1907) Grossmann again 
treats the question of dealing with the effluent, particularly 
in view of his n^w process for treating the cjude gas-liquor 
for the extraction of cyapides before distillationr The simplest 
method is to run that effluefit into disused pits, but these are 
available onljr.in, special localities, and ,even there it might 
find its way into courses used i for domestic water. The 
evaporation of these liquors to dryness is too costly; their 
use for coal-washing or coke-quenching alio leads to trouble. 
The attempt at u^^ing them in steam-boilers has hitherto failed, 
principally owing to the formation of thick scales' of calcium 
sulphate, but hot, as'formerly assumed, througn a corrosive 
action of the sulphocyanide upon the irbn, which action, as 
found by Grossmann, is not sermus even at a pressdre of 40 
to 50 lb. per square inch. His own process for dealing with 
the effluent coris'ists jn removing the sulphates ly means of 
barium carbonate, arcording to the reaction: ' ' 

, CaSO^ + BaCOg = QjfeOg + BaSOg. 
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This reaction does not take place at once, even on shaking for 
a considerable tirne, but after settling for eight or ten hours the 
clear liquor is absolutely free from sulphates. For practical 
reasons one should employ an excess of barium chrbonate 
which is not lost, if the settlings are used for a second 
operation, adding only as much bafium carbonate as had 
been decomposed. Only after a good many, say twenty, 
operations the bulk of the precipitate will compel its removal, 
and even then there is no loss, since by levigation the laarium 
sulphate can be separated from the calcium carbonate, and 
its value will pay for the barium carbonate lost. 

The agitation with barium carbonate may be performed in 
a continuous washer; the liquid is pa.ssed*through settling- 
tanks, and after about twelve hoftrs it is clear enough for use in 
the steam-boilers. Of course the solids dissolved in it will 
accumulate in the boiler*, and after a certain time a certain 
quantity of the licjuid will have to be blown off every day. 
These blow-offs, as well as the final blow-off at the time of 
boiler-cleaning, may be treated* for the recovery of thiosulphate 
or evaporatecf to dryness in a spedal furnace, which is now 
feasible; as its bulk is only one-tenth or even less of the 
original volume. ^ 

Grossmann estimates the cost of this process for eliminating 
the sulphates from the effluents to Jd. to Jd. per'ton of coal 
carbonized. j . 

J. Radcliffe (B. P. 10075, of 190^ reavers the sulphocyanide 
from the spent liquor and at the same «time makes this 
innocuous by the,foilowing treatment:—The iftutralized (or 
slightly acid) liquor is run intb a tank, together with ajegulateT 
quantity of copper^ salt solution, in A continuous mapper.. 
If th^ copper salt is in the cupric state, sufficient sulphurous 
acid must bq addpd to sffeet its reduction «to the cuprous state. 
The precipitate^ of cuprous thioejianafe formed ns ^separated by 
filter-pressing, and by^means of alkali it is converted into CujO 
and marketable cyanogen tom jicunds. Any copper present in 
the filtered liquor is reraoVed by precipitation, either by means 
of lime or qn alkali, or of hnetallic iron, and is tfipn discharged 
,in an innocuqjfistat:^ *It has. a’beneficial feffect when added in 
•the “ bacterial treatment ” of^e^age. 

Bower (B. P. 25118, of 188^ recovers from the wa^te still-liquor 
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ferrocyanide, by neutralizing it with acid and thus precipitating 
Prussian blue. {Cf. Grossraann’s process, supra, p. 1494.) 

, Knoedler (/. hid. Eng. Chem., 1915, pp. 1061 etseq.) describes 
the recovery of ammonia from waste liquor at the works of 
the Welsbach Co., Gloucester, N.J., U.S.A. 


5. Gases and Vapours given off in the Saturator. 

The gases escaping from the saturator consist of carbon 
dioxide, sulphuretted hydrogen, sometimes a little hydrocyanic 
acid, a small but very perceptib,)e quantity of hydrocarbons, and 
perhaps also of sulphuretted organic compoundsall of them 
mixed with a large quantity of steam. 

If this gaseous mixture were allowed to escape freely into 
the atmosphere, the nuisance would be altogether intolerable. 
It is bad enough if only a small proportion of it finds its way 
outside the works; even then the smell n\ay be perceived at 
a distance of half a mile or more. Nor can the offenders easily 
evflide detection; the smell of these gases is easily recognizable 
by its peculiarity. The public have a special dread of it, and 
thus any escape of this kind 'is sure to be soon traced to its 
origin and is fruitful of complaints. ^ 

Dr Ballard {Report of the Medical Officer to the Local Govern¬ 
ment Board for 1878, p. 131) expre.sses himself as follows about 
this matter;—“ Medical men are usually icad'' to certify that 
the effluvia are Injurious to, public health, probably referring 
. to the effects produced on those who are exposed to their 
mfluence in a 'oililted form, to the operatiPn ef the sulphuretted , 
hydrogqu'as a poison. The public also readily believe-that 
•an atmosphere even slightly thus contaminated is dangerous 
to live-in. It is certain that exposure to the diluted effluvia 
from sulptiate-of-armraonia works' does in many persons 
induce feelings* of .depression, headache, los? of appetite,- 
fiausea, or vomiting, and' sometimes sope oppression of the 
breathing.” ' , 

These gases and vapours are the chief source of complaints 
of nuisance from ammonia works, ^nd from this cause (as well 
as on account of the ‘waste effluents) fegal fyeceedings have^ 
been several times'taken. t 

In some cases it sedms sufficteflt to discharge these gases, 
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etc., from the separator into a tall chimney-shaft. Especially 
where they can be first brought into communication with hot 
furnace-gases, this seems to suffice for removing the nuisance, 
as is proved by some works in Manchester, where shafts, 
l8o and 196 ft. high, serve for this purpose. Where the 
liquor is ’worked up at the gas-works them.selves, there is 
never any difficulty of that ikind, as the immense volume of 
highly heated gases coming from the retort-fires is far more 
than sufficient to burn and dilute all effluvia from the ammonia- 
plant. 

According to a communication from Mr Heuss, many 
German coke-works pass the gases from the saturators directly 
into the pipe by which the gases ate aspirafed from the coke- 
ovens, so that they are ultimately burned in these, and the 
products of combustion are removed by the chimney. 

Combustion of the Saflirator-gases .—In cases where there is 
no very tall chimqcy-shaft, or even with a tall shaft but an 
unfavourable conformation of the country, a thorough combustion 
of the gases must be aimed 5 t. This is ordinarily done Jjy 
carrying them by a pipe from the saturator into the side of the 
boiler fire, or under the fire-gi'ate, or sometimes into a. fire 
specially kept up for thjs purpose. Bilt unless care is taken to 
previously remove the large tquantity of aqueous vapour con¬ 
tained in the gases, the object in view will be only partially 
Attained, or ev^ quite frustrated by the vap«urs extinguishing 
the fire. It should therefore ne^er t»e neglected to provide 
means for condensing the aqueous vapour, w'^t some works the 
pipe which cogyey* the gases is -continued into ft worm, placed' 
in a tank fifled with gas-liquor or with water for feeding 
the steam-boilers, lyhich are thus heatftd up prSvious* to ^ use. 
At the Plymouth gas-wdl-ks an 8-in. pipe from the saturator is 
first carried bet;eath ffloor on which ♦he sulpha'le is dried, 
and thence riyis along the surface ’of the grougd, where it is 
bent upon itself, for ^ distance ofhbout'soo ft., in the course 
of 290 ft.^ of which it is pjay^ upon by jets of water flowing 
from a perforated pipe aUove it. At the Starppshaw wot 4 cs the 
■8-in. pipe,from the satifra^or is first carried rppnd the outside 
of the buildie^jt thp eaves,>nd then enters a w*rm-condenser. 
At Illingworth’s works at.Bfadford speoial care is taken to 
repnove the aqueous and* «ny other condensable vapours,, 
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because the sulphuretted hydrogen is there utilized for the 
manufacture of sulphuric acid. The gases are first conducted 
into a chamber made of an old boiler, through which passes 
the pipe conveying the liquor to the Coffey still, and they 
thus serve to heat up the liquor; then by a pipe to two iron 
towers, divided by partitions springing at opposite sides alter-- 
nately in such a way as to makje a tortuous passage for the 
vapour; and, lastly, from these towers through a long series of 
vertical' iron pipes, bent upon themselves in the same manner 
as a continuous condenser, such as is used in gas-works, water 
being made to flow continually down the outside of the pipes 
from a perforated water-pipe dbove. Other means for cooling 
the gases, and condensing the aqueous vapour therefrom, will 
be mentioned when describing In detail some of the varieties of 
plant seen by myself. 

The condensed liquid, if not quite told, may by itself cause a 
nuisance, and should therefore be cooled down before discharg¬ 
ing it into a public drain. 

The combustion of the dried 'gases is usually carried out by 
making them pass through- a small coke-fire; anfl the sulphur 
dioxide, produced by the combustion of the sulphuretted 
hydrogen, is usually 'diicharged with the fire-gases up the 
chimney, and thus thrown away^ Sometimes the gases are 
burned by themselves, eg. at Messrs Forbes & Abbott’s works 
at Old Ford, where they enter by a i-ft. sguaje opening into 
a small firebrick chamber and thence into a firebrick flue 
about ft. long,,2 ft. 6 in. wide, and 3 ft. high; air is 
supplied by a'small circular hole in ancirqp plate near the 
entrance qf the gas, and the gases are ignited. Once-the 
phamber and flue are red-hot, there is no fear of the gas being 
acci(fent|i!ly extinguished without relighting. The heatethus 
generated ik then utilized for heating ^team-bqiler^, which are 
stated to have lasted for fburtden years, without receiving any 
injury by corrosiqn from the acid gases. The products of 
combustion, containing a large pfoportion of sulphur ^dioxide, 
are sent up the chjmney-.shaft. 

Chateau * despribes the apparatus tised at Arcuei), for deo¬ 
dorizing the grses evolved in tHcupianuTaq^ure sulphate of 
ammonia. They are«aspirated bj' a, fan-blast tlirough a coke- 
Bull, Soc. icidtvi., p, 195., 
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column, 17 ft. high, in which is spread a mixture of ferric 
oxide and calcium sulphate, constantly moistened by a solution 
of ferrous sulphate. Here ammonia and carbonic acid are 
retained [hardly completely!]. The gases on issuing Trom the 
■fan-blast pass over a thin layer of camphor and then into a 
combustion-furnace constructed by M. Ferret. The grate-bars 
of this furnace are only in. apart, and are so deep that 
they can be made to dip into a water-basin in order to cool 
them and retain their shape. The gas enters in the narrow 
space between the water-basin and the grate. The latter is 
charged with anthracite dust, which is partly carried away by 
the gaseous current, but it is completely burnt in zigzag flues, 
made of fireclay flags, which soon attain & white-heat. At 
this high temperature hySrogen Sulphide, ammonium sulphide, 
cyanogen compounds, and any other deleterious gases are 
completely burned, air being admitted by special openings for 
this purpose. The strong heat generated is employed for 
heating a steam-boiler. This apparatus is in regular operation, 
and is said to give very satisfactory results. ^ 

It should fiot be overlooked that the sulphur dioxide thus 
formed and discharged from a chimney may itself becorpe a 
nuisance—no doubt much less than thtt which the sulphuretted 
hydrogen would have producgd, but still sufficient to give rise 
to complaints. Besides this it may sometimes Happen that 
the sulphuretted hydrogen is but iraperfectl}* burned, and that 
enough of it escapes to create a nuisance. 

All this can be overcome by one of two wgys—either absorb¬ 
ing the sulphurettgd .hydrogen by some measisfor burning it 
axA'.utilising'the SOj to pfoduce sulphuric acid. The latt^ 
process has been in practical operation ‘for several years past, 
first aj Mr lllingworfli’s wcjrks at Frizinghall, near Bradford, then 
at Messrs l^pengeis worlds, at Birmingham, and prcfbably else¬ 
where. The gas is burned in a ■firehUack'chamlDer 12 ft. long, 3 
ft. deep, and 4|*ft. wide, into which at»one end the gas (previously 
carefully dried) is admitted b^ a pipe. There is a small air¬ 
opening close by. The* products of .combustion must* pass 
through several pigeon-haled walls built across,the chamber, in 
order to mix,rtge gasp hnd njjilte the combustion perfect. They 
then play round *the usual nitr 4 -pots, and the mixture of SOj, 
steam, nitrous fuipes, nitrogen, COj, supplus air, etc., is carried^ 
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into ordinary vitriol-chambers. If the combustion-chamber is* 
once properly heated, the gas keeps lighted and the combustion 
proceeds satisfactorily; when the work is stopped, for instance 
on Sundays, the heat of the chamber is maintained by a small 
coke-fire, burning on a grate just below the entrance of ths; 
gas-pipe. ' 

It cannot be doubted that this process is entirely successful 
in removing all nuisances; but the presence of carbon dioxide, 
etc., in'the gases sent into the vitriol-chambers, is very injurious 
to the acid-forming process, and it seems doubtfhl whether 
there is, under ordinary circumstances, much profit to be 
made out of it. But the procftss must be considered to have 
answered its purpose if it effects the removal of‘the nuisance 
from the waste gases, even without‘‘any profit accruing from 
this. 

Claus Process. —A much more profitable process than burn¬ 
ing sulphuretted hydrogen for the manufacture of sulphuric 
acid is that of burning only the hydrogen and obtaining the 
sulphur in the free state. The best known process of this kind 
is'that of C. F. Claus (Bs Ps. 3606, of 1882; 51)70 and 5958, 
of 1883), which, in connection with its application to the 
recovery of sulphur from the “ tank-waste ” of Leblanc alkali- 
works, has been thoroughly worthed oht, especially by Messrs 
Chance, of Oldbury. A complete description of this process is 
given in \jxxig€^ Sulphuric Acid and Alkali, ^d ed. (1909), «., 
pp. 945 et seq., to which.we must refer the reader for all details; 
we only mention ^hat it consists in mixing the gas containing 
sulphuretted hydrogen with a quantity„of air containing as 
trearly as possible the proper quastity of oxygen to produce the. 
reactioil Hj&4-0 = 11,0-fS, and passing this mixture through 
a “Claus kiln,” that is, a large iron cylindef lined with firebricks 
and partially filjed vyth red-hot oxide qf iron (pyrites-cinders), 
which acts as a “ catal^'tiq'substance." The issuing mixture of 
^ulphur vapdur,^ steam, nitrogen, and some * undecomposed 
sulphuretted hydrogen is coolec^ dovyi to* recover the sulphur in 
the liquid or solid form, and tlie gaces are ultimately passed 
through a purifier before issuing into the atmosphere. A Claus 
kiln of 25 ft^iameter produce* frbm 15 to 20 tons* sulphur in. 
six days; about 8s,per cent, of‘the sulphur isVecovered, partly 
ai block sulphur, partlji as “ flowjrS.”' 
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We shall now describe a Claus plant specially erected for 
gas-works, at Leicester,' and serving for a weekly production of 
35 or 40 tons sulphate of ammonia. The dried gases from the 
saturator (whose heat has been utilized for heating-tip fresh 
gas-liquor) are conducted by a 6-in. pipe, a (Fig. 331), into 
the kiln A. This consists of an tron shell, with i8-in. 
brick lining, 3 ft. wide and | ft. long inside. A perforated 
partition, c, causes an intimate mixture of the gas and the air 
entering at a and b. The inner chamber, with an area of 
3 ft X 3 ft., is filled with lumps of oxide of iron, containing a 
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littlq»tnanganSfe, i to ij in. diameter. The sulphur^generatdti 
here is deposited in chamber B, divided in the manne'r shown 
in the plan., Froni B the residual gases traverse a_flue, E,' 
2 ft 6 in. wideband 5,8 yards long, in tyhich, are-*inserted a 
number of baffle walls, to within iJ„in.->of the bottom of the 
flue. At the kd of flue E, which is in the,form of a hollov; 
square, the scrubber C is attached, 24 ft high and 4 ft diameter, 
packed with limestone over which water is flowing p here 
sulphuric acid, and probably also some sulphuretted hydrogen, 
are arrested, the renjaining passing on to the,open oxide-ofr 
iron purifier D,-'i2 ft loin, square. On.*he bottom grids of 
* Alkali Re^rt, No. ij} p. 81. 
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this, coke is placed to retain any moisture that may ha^e 
remained in the gases; on the second grids oxide of iron to 
the depth of 3 ft 6 in.; the COj, now freed from sulphur 
compouflds, passes away into the air. The apparatus C and D 
are decidedly necessary, as without them the gases from ^laus 
kilns show acidities u|) to 12 g. SOj per cubic foot [Alkali 
Report, No. 23, p. 71). 1 

In the Thirty-sixth Alkali Report, pp. 181 et seq., experiments 
are described to adapt the Claus sulphur recovery method to 
the Scotch conditiops by supplying a heat-retaining jacket to 
the kiln, in order to promote the reaction, or at least to prevent 
loss of heat by radiation. Large-scale experiments of the same 
class are described in the Thirty-eighth Report, pp. 148 et seq., 
and it would seem that this nlodification answers very well for 
the treatment of dilute gases. 

Van Eyndhoven (Ger. P. 170554) interposes between the 
saturator and the Claus kiln, first, a cooler for the condensation 
of steam into water; secondly, a cyanide washer. 

Carpenter and Claus (/. Soc.Xhem. Ind., 1904, pp. 577 etseqi) 
have made an extended investigation of the re'actions in the 
Claps process. Apart from the well-known reactions: 

(a) 3S + 2 HjO =- jHjS-f-SOj 

and . 

(/>) H^S + O - H ,0 + S, 

others may occur which explain the facts even better in a 
thermochemical direction, viz., 

‘V) 3H2S + 3O =.2H„S + SOj + KiO 

and . • ^ 

. ( 4 ) 2H2S + SO.2 = 3S + 2H2Q. 

t* 1 

On the fouhdation of-many experiments, also, on the large scale, 
observations )at'factoiies,‘and° calculations, the authors tried 
4 o fix the condit’ons prevailing in Claus kilns, the conditions 
influencing the yield of sulpht.r and the part played in the 
process by amnjonia. < Ammonium "sulphide is never found, 
but sometime^ (Sulphite and sulplut^, as weil as thiosulphate 
and polythionates. ‘Some sample" of recovered, sulphur contain 
so much ammonia that it must‘be„removed by washing before 
burning the sulphur for the manufacture of vitriol Hydro- 



tiEAttN<S Wttri f he HYMddEfJ StjLl»HlfiE ISfll' 

Cyanic acid greatly reduces the yield of sulphur; NHg is formed 
from it by the reaction : 

HCN + HjO = NHg + CO. 

Where the output is too small to make the Claus process 
available, ^d the disposal of the gases to a vitriol plant is 
impossible, the treatment by combustion and absorption by 
calcium carbonate is sometimes adopted with great success 
{Thirty-fourth Report of the Alkali Inspectors, pp. 29, 114, 115 ; 
Thirty-fifth Report, pp. 117, 118; Thirty-sixth Report, pp. 25, 
79 > 153)- The gases, after being subjected to thorough cooling, 
in order to remove aqueous vapour, pass to a furnace designed 
especially to act as an accumulator of heat, where complete 
combustion of ■ the HjS to SOg is effected. With gases 
containing 20 per cent, by volume of HgS, the flame of a large 
gas or jet is sufficient toMnitiate and maintain combustion at 
the end of the pipe^ bringing the foul gases to the furnace, the 
reaction being made complete by prolonged travel of the gases 
over the surfece of brick and 'tiles kept at a bright red-he^t. 
Provision is made for supplementary air being admitted at 
various points in the furnace, so that no vapour of sulphur 
may pass unoxidized. Attention to this point is of the first 
importance; otherwise sulphur is deposited in the solid state 
in the later portions of the apparatus, and the disorganization, 
ohce commenc(^, rapidly increases, as the primary supply of 
air is checked by the diminution,of draught at the furnace. 
The gases, after subsequent cooling to air temperature, pass to 
the bottom of ji tcweY packed with limestond aJid fed on the 
top \<’lth a shower of water, l.g., by the arrangement qsed for 
Gay-Lussac towers, ip the condensation of hydrochloric acid..,etc.. 
(Lunge’s Sulphuric Acid find Alkali, ifts ed. (1913), 1 ., <p. 799). 
Under thesci conditions the SOg is fixed* by the CaO of the 
limestone, and issues from the bottom of'the tdwpr in solution 
as calcium bisulphite. , 

At onp of the Metropplit^l works the limestone scrubber 
consists of a wooden structure made of i^Tia tongued and 
grooved bc\ards, 5 ft. 6 id. square and 21 ft. high. Layers of 
Derbyshire linveptorve m gc.ad*-sized pieces are'supported on 
Stout wooden gratings, the payers of storie being some 9 ja 
deep. Manholes /or recharging the triys with fresh stone, as^ 
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this wastes away, are provided above each tray, A tumbling- 
box for flushing with water is fixed inside the scrubber at thfi 
top, at which point the neutralized gases leave the apparatus 
for the* draughting chimney. The inlet and outlet pipes are 
of cast-iron, but lead would perhaps be preferable, as there is 
some little action of the gas on the iron. The average acidity 
of the gases on entering th*. scrubber at that works is 
41'40 grains SOj per cubic foot, on leaving the scrubber 
o-8i grain, showing a condensation of 98 05 per cent. Oif 
the average of all the works the condensation may be 
put=95 per cent. 

After several years’ experience of this process, the Alkali 
Inspectors state* the following precautions to te absolutely 
necessary for success:— 

1st There must be command of draught at the furnace, 
«>., the suction at the condenser‘’outlet must be adequate* 
to supply this at all times, else sublimation of sulphur with 
attendant evils will occur. Possibly air might be supplied to 
tlje furnace under slight pressure, equal to that of gases from 
the saturator. '• * 

.2nd. Adequate and complete cooling of the gases before 
the furnace and also afierwards. If the gases enter the lime¬ 
stone tower above 38° C., containing as they will an excess of 
oxygen with sulphur dioxide, the formation of CaSOj is 
promoted. This forms a protective crust on t^e surface of the 
limestone, thus impeding ^he action of the latter on the SO^ 
The condensation of water from a hot gaseous mixture, 
containing steam -fSOj, causes great corro^'on of the iron pipes, 
especially at the chaplets of the pipes, which are of wrought- • 
iron, ^ere'lead should be used for the pipes, ensuring the 
delivery of the gas at the tower at a temperature no^ above 
38' C., or loweroif possible. 

3rd. Cast-iron does dot stem the best material for use in 
.the construction, of the‘tower. Wood plants tongued and.^ 
grooved last well, even in suapmer heat, and cement towers 
have* stood well. , ' 

4th. The sypply of water is best arranged in ..two forms, 
one constMf^ithe other intermittent (by (lusheg)„at least in tte”, 
case pf limotone which is not a porous bc^y, and holds ■ 
reserve of rcmdeasing*'power witliin itself Jike coke. But If* 
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hard chalk is used, the intermittent flush, at no great intervals, 
is admissible. 

Wilton (Manager of the Beckton Tar and Ammonia 
Works) in his B. P, 15468, of 1901, describes a process thereby 
the HjS is burned in a suitable furnace with an excess of 
oxygen. The hot mixture of SOj, frdb 0, N, etc., is passed 
through iron scrap, contained in towers fed with water or 
mother-liquor from the sulphate of iron crystallizing tanks. 
Thus a concentrated solution of sulphate of iron is produced, 
which is allowed to crystallize in suitable vessels. Or else the 
■towers are packed with limestone, in which case a solution of 
calcium sulphate is formed, whfch may be run to waste as a 
practically inoffensive fluid, and such a limesthne tower may be 
placed behind the scrap-iron towiers, in order to catch the SOj 
escaping from these. 

Becker (Ger. P. 2787f6) destroys the noxious gases and 
vapours, formed in^the distillation of ammoniacal liquor, as 
well as the very badly smelling condensing-water, together 
with the recovery of sulphur, By burning these gases in w^l- 
known manner (preferably by th6 assistance of catalytic 
agents) so as to convert the hydrogen ^sulphide into sulphur 
dioxide, and bringing this into contaJt with the condensing- 
water, eg. in a column ted with this water. According to his 
Ger. P. 282873, only part of the gases is burnt, so as to convert 
tHfe HjS into 5^)2 i^he gaseous mixture is then brought into 
mutual action in a reaction-towe^ th^ upper part of which 
serves as a cooler, and the sulphur produced retained in a 
washer. , • • • 

According to Reinhardt f/. Gasbeleucht., 1915, Iviii^ p. 64) 
the disagreeably smelling waste gases formed fn the manu-, 
factory of ammonium sulphate, and consisting essentially of 
COj and HgS, are almost entirely deodorieed by paSsing them 
Over wood-cjiarcoal. This is placed ib twU perpendicular pipes, 
14 ft. high and 14 in. wide, filled with about-il cwt. of wood-* 
charcoal ejch. After six wfteksjfcis is taken out-and regenerated 
by three hours’ heating in*a gas-retort. .The necessary draught 
is produced means c4' q steam-jet blast in .the exit pipe 
coming out oi tije rpof! 

Hemingway (B. P. 9432, qf fSpp; J. GaS’Lighting, 1904, lyi., 
p. i8) removes the.HjS from'the ammofliura-sulpljate saturator 
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gases by a special process with 'recovery of the sulphur. 
Ammonium sulphite is produced by saturating ammonia with 
SO2, obtained by roasting pyrites or spent gas-purifying oxide; 
the solution of SO3 is made to act upon ferrous sulphate, 
which precipitates ferrous sulphite, finely suspended in the 
solution. This suspension is used for washing the saturator 
gases in two scrubbers, where' the following reactions take 
place: 

(a) FeSOj + jH^S = FeS + sS + sH^O 
after passing in SO,j; 

(^) ,2FeS + 3S02 = 2FeSA+S 
after changing the current in'the scrubbers: 

(r) aFeSjOs + eHjS = 2 reS + 8S + 6H.,0. 

Hence in one of the scrubbers ferrous sulphite is transformed 
into thiosulphate, while in the other scrubber at the same time 
ferrous thiosulphate is reduced by hydrogen sulphide into 
ferrous sulphide; by reversing the current in the scrubbers, the 
opposite process is pnade t6 go on. The final products are 
free sulphur, ferrous sufphide, and a Ijttle ammonium sulphite. 
The sulphur thus produced is free from arsenic, and its value 
nearly covers the cost of the process, the principal object of 
which is the prevention of nuisance. • '• 

Becker (Ger. P. ipdbis^ removes the HjS and HCN from 
the gases escaping from the saturators by washing them with 
water and addirig this to the waste liqubrf whi^h contaips free 
lime apd'thus saturates the H^S and HCN. 

’ ,Feld (Ger. P. 192533) absorbs H^S frqm gases by means of 
metallic compounds, e.g. oxides of manganese, whidi yield 
insoluble sulpMdes.' These are afte'rwards heated with solutions 
of ammoniitm" sales' whereby the metallic .compounds are 
''regenerated and the H^S and NHj ar? expelled. '■ 

J. W. Lobb'(U.S. P. no 8 } 1 f 5 ) treats gases with„a metallic 
sulphate, capable of forming from H^S and NHg a metallic, 
sulphide and •ammonium sulphate^ ^Tbe mptallic sulphide, 
formed is'tt^Sted with air and"S©2, in order Jte regenerate the 
sulphate. ' . 

Redm&y fyridine from tlUt 'Saturator-gases.—lAS&iag anci 
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Wilton (B, P. 4766, of 1905) recover pyridine bases from the 
waste gases (or from crude gas-liquor) by washing them 
with heavy tar-oils, suitably with addition of crude phenols 
{rf. p. 900). 

The sulphuretted hydrogen contained in the saturator-gases 
is frequently, especially at smaller works, absorbed in a purifier, 
charged with lime or oxide \of iron. For this purpose the 
condensable vapours must be equally removed by cooling; and 
the dried gases are then passed into purif3@ng-app*aratus, 
constructed exactly like those used at the gas-works, and for 
the same purpose, as shown in Fig. 332.' They are cast-iron 
boxes, provided with a rim at tMfe top for a hydraulic lute, into 
which dips the flange of the cover. The gSses enter at the 



,Fig. 33a. 


bottom and pass Uifough trays, usually made of “wood on which 
th6 purifying-material is spread out in*a laj^er of'3 pr 4 ia The 
purified gas finds its \yay out through a pipe* from the upper« 
portion of^the box. SeverSil syth boxes are usually combined, 
so that they can be worked in regular rotation; that*box 
receiving tljp frjssh gases fcl^ich has been the longest time at 
work, and that receiving* the gas^s just befobe escifping into the' 
atmosphere which has been,last charged with fresh material. 
Such boxes are made, for e:^htple, from'io to 20 ft. square and, 
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from 2 to 4 ft. high; they may alsote made of brickwork, but 
they should not be made of wood, as it is difficult to keep them 
tight in that case. Moreover, the heat developed in the 
absorption of H^S may injure the wood, and for this reason 
it is also preferable to substitute perforated iron or wire-gaUze 
trays for those made of wood. 

Sometimes the absorbing-material used is iime; but this is 
anything but rational. The lime is wasted in the first use, and 
the spent lim* (“blue-billy”) is a fresh nuisance, which may 
cause considerable trouble. A much better material is that used 
at nearly all gas-works, namely, the hydrated peroxide of iron, 
generally mixed with sawduk. This material, when it has 
ceased to be active, can be regenerated by simple exposure to 
the air, which causes the iroft sulphide to be converted into a 
mixture of ferric hydrate and free sulphur; and when the 
sulphur has accumulated to such a;,i extent that the material 
becomes definitively useless for absorbii^g HjS, the “spent 
oxide of iron" is a valuable material for the production of 
sulphuric acid, so that its sblphur is turned to a useful; 
purpose. ' ' 

Sometimes a fan-blast oi an Injector of some kind is used 
for driving the gases thfough the purifiers. In other cases they 
are connected with a high chimney; but this may cause the 
purifiers to be left unnoticed for some time, which cannot 
happen with open purifiers. . 

If on reviving the oj^ide, ferrous sulphate is formed, a 
sufficient quantity of lime must be added to decompose 
this. „ 

This process is best adapted for small works, up to 300 tons 
, production per annum. At larger works the space required by’ 
the purifiers and the labour of reviving the oxide caus/e great 
inconvenience.' • 

For this put pose the-gases'must be deprived of most of thfeir - 
♦ steam, as well as when ■ burning, since otherwise the oxide , 
becomes too danse and does in^.t al^w tW gases tb pass (c/, the * 
contlivanoes described su/>i'a), A partial cooling of the gases 
can be produfed by blowing cold airtinto them by peans of an 
injector; this air afterwards dsksts in.q;cidi;yng the sulphide 
in the purifiers, so that these' work continuously. Otherwise;' 
/the purifier^ are worked interalittently, ty' passing throu^ 
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alternately gas and air, ipaking the chinge every three or six 
hours. Care must be taken to keep the valves in good order, 
so as to protect the men employed for turning over the oxide in 
the purifiers during the blowing in of air, against the •ntrance 
of foul gas intended for another purifier. 

The Alkali Inspectors' Report, No. 33, p. 16, gives the follow¬ 
ing analyses of spent oxide^-(a) from intermittent, {V) from 
continuous work:— 


h 


Water .... 

. 4-65 

24 ' 9 o 

Free sulphur (calc, for dry mass) 

• * 73-90 

59-80 

Sulphur as soluble sulphates • . 

1*00 

0-95 

Sulph'ir as insoluble sulphates . 

. trajes 

0-40 

„ ,, FeS . , . 

• 

. 1*20 

1.85 


8075 

87-90 


Many other anabases are given in Report No. 33, pp. 16 
and 17. 

According to Report No. 42, p. 23, the opinion of practjcal 
men is generally in favour of applying the oxide of iron in the 
form of a conical heap on a concfete flogp, the foul gases being 
• introduced below by ^ simple gas-distributing device—rather 
than in that of a specially ownstructed purifier with retaining 
walls. The occurrence of fouling in the mass is* more easily 
detected and rectified, and there is less labour in spreading the 
material when finally fouled for revvifTcation. 

It stands to reason that all processes far dealing with the^ 
sulphuretted jjydragSn are much more easily carried out with 
the gases from continuous Aiils, like Griineberg’s, Beldmanifs,, 
etc., than with thos^ from intermittent stills. * . • 

Very interesting ari the statements on the results of 
dealing with the‘foul ^Ses, sulphuretted hydrogefi, etc., from 
ammonia-wor|js, found in the iRepohs dfthe Alkali Inspectors, 
We here <juote thosp found in thb Rep 07 i,* 1 AQ. 43, for 190^ 
PP- 67, 23 ,' 79 , 96, 103, ti3,,j25, 141, 153; J combine these 
into the following table**— 

* The figuies^veiifin the last keports were flot yet in my hands when 
-! that table was drawn up, but they do not to any ijaterial extent differ from' 
those here given. 
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According to the Reports (j.g., No. pp. 57, 66, 87, etc.), 
the majority of works, in some districts two-thirds, burn the 
HjS for the production of sulphuric acid, usually by introducing 
it into pyrites-burners; the others mostly use oxide-of-iron' 
purifiers, a few the Claus process, and some burn the H^S into 
SOj, which escapes into the air. In oi»e of the largest districts, 
producing 39,400 tons sulphate per annum, in 1893 {Alkali 
Report, No. 30, p. too) 6o-8 per cent, of the H^S was con¬ 
verted into sulphuric acid, ii-6 into sulphur by thte Claus 
process, 9'5 removed by oxide of iron, i8'9 burned and allowed 
to go into the air. In another district irf 1894 {Report No. 31, 
p. IS), two works employed miik-of-lime and ferrous sulphate, 
two emploj^ed the HjS for removing arsenic from sulphuric 
acid, 71 burned it and'sent the SOj into the air, 23 made 
sulphuric acid from it, 24 employed the Claus process, 276 
oxide-of-iron purifiers, 51 lime-purifiers. " 

According to Report No, 31, p. 98, the cost of removing the 
HjS was as followsWith oxide-of-iron purifiers in seven cases; 
2s. 6d., IS. 6d., 3s. 4d., 3s., Ss. jd., 7s. id, and 3s. 6d., including 
interest and amortization; with thelClaus process in five cases: 
8d., Is. id., iijd.. Is. id., is. i^d.. In no case was a real profit 
made. • ** 

Stevenson {Gas WMd, 18^5, p. 705) gives a calculation for 
the conversion of sulphuretted hydrogen from g«-liquor into 
sulphuric acid.^ In^the course of a year 1977 tons of sulphuric 
acid (of what strength?) was made^and for this was used: 1023 
tons pyrites 40 per cent., 99J tons nitrate ^of soda, 342J tons 
coke, ^(^291 wages. ;i602 repairs, 300 5 percent, interest on* 
;^5006; also the HjS from 32,549 tons gas-liquor. ,Over alftd _ 
above the interest, a profit of ;^330 was made.* 

CONCENTJIATIW OK. ^MMONIUM SULPHATE ScJLUTIONS. 

We have apoken of this operation ^everak times in the 
preceding description'of v^rioi^s processes, fiere we will only 
mention that it is generally c&rried out in lea'den pans, heated 
by leaden steam-coils. ^ Iron is not’a suitable material in 
this case,'as tt is actad upon.by ammopium’Salts, especially 
at higher tempWatflres, owing to the escape of a little free 
ammonia. Even if this zAign were §0 slight that it would 
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do no serious injury t6 the apparatus (and this would most 
easily happen to wrought-iron steam-coils and the like), the 
iron would cause a discoloration of the ammonium salts, and 
'reduce its commercial value. It is doubtful whether this could 
be entirely avoided by the proposal of P. S. Brown (B, P. 804, 
of 1878) to use boiling-pans made of iron, taking care to keep 
the liquid always slightly alkalinq. Holmes (U.S. P. 1126471) ’ 
for the same purpose (especially when evaporating, solutions of 
ammonium nitrate) adds to the liquid about 0-5 per cent of 
Al(OH), 

The smell arising from the evaporation of the sulphate liquors, 
where strong acid is not used', has been already mentioned. 
This smell has been likened to the odour from ill-kept pigsties, 
and sometimes this vapour may be a huisance at a distance of . 
200 yards or more—nearly as much as the saturator-gases. To , 
obviatb it, steam should be driven through the saturator for 
twenty minutes or half an hour before running off the finished 
solution into the evaporating-pans; and this steam should be 
carried off and condensed in the usual way {Dr Ballard's Report, 
P. J35). 

Manufacturing Sift-riiATE of Ajumonia otherwise 
JUAN FROM AmMO«IACAL LIQUOR. 

A somewhat cqnsiderable quantity of sulphate of ammonia is 
recovered by washing sppnt oxide of iron from gw-purifiers and 
evaporating the washings. 'This salt is, however, very impure 
^ {vide infra). , ,, , ■ 

Fogarty (B. P. 13747, of 1887) produces ammonium carbonate 
by burning “ alkalized coal ’’ in an atmosphere of air, steam, and 
nitrdgen, and allows it to be absorbed by a mixture of calcium 
sulphate asd sa,wdus{, from which q,fterwards the ammonium 
sulphate is obtained by lixiviation. 

Roustan (Ser.^P.*46135) purifies coal-gas bj a mixture of. 
liquid calcium oxychloride, or qplcium chloride and magnesia, 
with slaked lime and coke. Tfie NH, condenses therein as 
carbonate, which Is driven out by he^fing to a red-heat, and is 
absq^bed in su^pliuric acid, or con^ehsed by coolihg, ‘ 

Eastman (R P. ,10192, of i888) mixes* cohT-tar, heated to 
with calcium sulphate anfl,‘water; the aqueous liquid 
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separating contains aminonium sulphite. F. H. Davis (B. P. 
101976, of 1890) employs a similar process, but substitutes for 
the calcium sulphate a solution of copper or zinc sulphate. 
Both inventors evidently principallj’ aim at the production of 
purified tar. The ammonia recovered will be hardly worth the 
expense. 

t 

Examination of Commercial Sulphate of Ammonifi. 

The properties of pure ammonium sulphate have been 
described supra, pp. 1319 et seq. Commercial sulphate is tested, 
first for its percentage of ammcftiia, secondly for impurities. The 
estimation'of the percentage of ammonia is performed by one of 
the methods described in Chapter XIV., pp. 1270 et seq. 

Ammonium sulphate is always sold according to its per¬ 
centage of nitrogen or «mmonia. Chemically pure salt would 
test 2i'2i per cent. N, or 2575 per cent. NHj, and even com¬ 
mercial salt sometimes tests 24 or 25 per cent. NH3. 

In the English trade the strength usually stipulated for 
between bu^er and seller is 23 pa: cent. NHj. As the manu¬ 
facturers found that they could get up to 25J per centj, they 
brought this down to 23 per cent, by adding common salt or 
sulphate of soda; buf som^ buyers object to this in the sale 
note (private communication from Mr Watson Sillith). 

Milburn {ffien^ Trade /., 1915, Ivi., p. 28^) states that, while 
the ammonia content of German sulphate is from 24J to 25 
■ per cent., that from British manufacturers js usually bnly about 

24 per cent.; an^ the latter often contains,s» much free aci 3 
that’ the cargoes despatchsd in bags not unusuajly arrivS at^ 
their final destination practically in bulk, hntailmg heajjy 
expenditure, and loss ln*weight and tests. He recorpmends to 
the British magufactivers improving their plant, and using more 
care in the work. 

• According to Chem. Trade /., 1914, W., p. 4^^, the Chairragp 
of the British Sulphate yf jf^monia Association has issued a * 
circular to the member#, urging them, to improve the quality ^ 
the product, by makings sulphate of ammoni^ testing from 24I 
to 25 per .geijt. aipmbnia, with not over 3 pa- cent, moisture, 
and not more'than J per cait. free acid; if possible to adopt 

25 per cent NHg as a selling basis. 
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Sometimes the strength of commer<;ia] sulphate of ammonia 
is not quoted as percentage of ammonia, but (especially in 
Germany) as percentage of nitrogen. 

The following table will help to quickly reduce either of 
these terms to the other 


Table for comparing the Percentdge of Nitrogen and that of 
, * Ammonia. 


N. 

NH3. 

N. 

NH3. 

N. 

NH,. 

N. 

Nil;,. 

01 

0*12 

0.9 

1*09 

' 8 

9.71 

16 

19-43 

0*2 

0.24 


1*21 

9 

I 0'93 

17 •- 

20.64 

0.3 

0-36 

2 

2'43 

10 

. I2'U 

18 

21-85 

0.4 

0.49 

3 

3-64 

11 

13-35 

19 

23-07 

0-5 

0.6i 

4 

4.86 

12 

14-57 

20 

24-29 

0*6 

0-73 

5 

6'07 

13 

15-78 

21 

25-40 

o-V 

0-85 

6 

7.29 

14 

17-00 



o>8 

0-97 

7 

8-50 

'5 

i 8 - 2 I 

__ t 




Moisture .—According to A. Schaefer [Einrichtnng undBetrieb 
einel Gaswerkes, 3rd edition, p. 469) commercial'sulphate of 
ammonia should not contain upwards of 2 per cent, moisture. 

Tile drying of the’scdt, if necessary, can be effected in 
stoves, heated by the waste heat,of sorifie flue or by exhaust 
steam from an engine, or on open floors or plates heated from 
below. , , . 

* 4 \ 

Free Aa'd.—The ammonium sulphate, as it comes from the 
saturators; is often merely drained and sold in the moist state; 
hi this case it iWpf be very perceptibly acid. This can be 
avoided by carefully washing it, with very little tijater, on the 
‘drainer, but more easily by employing a centrifugal machine 
lined "With lead, in which also the washing cab be performe^. 

The sulphate intended for agricultjiraJ purposes should not 
contain any large propor^on free aciH, as any considerable 
i^antity of this'would'damage the vegetatioa The amount of 
.free acid dogs not usually exceeij 1-5 per cent. S05,and up to 
this pejcentage it seems^ to be narmtess; on soil coStaining 
calcium carbonate “even more than thttf, up to 3 per cent. SO3, 
may be harmles|.* . 

Colour.—Tht commercial saltf when made‘with sulphuric 
^ acid Tree from arsenic aod iron, shbuld be wjiite, or at least 
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light grey. The salt made by direct*saturation of gas-liquoi; 
with sulphuric acid is, of course, dark grey or brown; and even 
that made by distilling ammonia into sulphuric acid has a dark 
colour, unless precautions are taken against this by "the mode 
of saturating the liquor (p. 1485). The German Coking-Com¬ 
mittee (as mentioned by Leo in StM u. Risen, 1914, p. 439), 
attributes.the colour of amtoonium sulphate to deficiencies in 
cooling the gases, or else to impurities of the sulphuric acid. 

'It must also be noted that the sulphate made in (he more 
perfect apparatus, as those of Griineberg, Feldmann, and 
others, is much less liable to be coloured, because the tarry 
impurities are mostly condensed in the dephlegmating-columns. 
But even tTien the sulphate may, after sdbe time, assume a 
yellow colour from iron salts‘gradually accumulating in the 
saturator; this is avoided by cleaning the latter out from time 
to time. Sulphide of artenic also causes a yellow colour, and 
for this reason magy English manufacturers employ brimstone- 
acid (p. 1465); but even in Germany, where pyrites-acid is 
exclusively used, the sulphafe is usually not yellow, partly 
because sulfuric acid -made front purer pyrites is generally 
employed, partly because thcr arsenjous sulphide c^n be 
skimmed off during^ saturation, %ometimes with special 
additions (p. 1466). 

Sometimes the sulphate shows a more or les*s pronounced 
Hue colour, vNjJiich. gives trouble in disposing of it. The first 
mention of this is found in Cheif^. Zeit. Rep., 1866, p. 282, but 
this subject has only quite recently evoked jnuch attention, and 
has been treated wif length by the Inspectors*cif Alkali Works 
in thieir annu*al reports for the years 1905 and ipod, especially, 
by Mr Linder {Rep^, No. 42, pp. 51-62); Mr Carpenter, ig Ne. 
43,1^ 30, Slims up the insults arrived at. The blua colour is 
caused by an pmnumium ferrons fetrocyStide, precipi¬ 

tated togethej with the crystals o^ aifimoniom sulphate, and 
this will take place, i/ local alkalinity <xc\\rs at some part of the 
separatcjr, especially in tlje nqjighbourhqod ofrfhe pipe distribut¬ 
ing the vapours containing volatile ammoniuj;n salts, amitioniuniw 
cyanide Ijeing ohe of (he^e. The first stagey consists in the 
formation af •amnjomura feAocyanide, ‘whicl* occurs by the^ 
separation of hydrated iron 'sulphide 01* oxide in- suspensiont 
frbm the mixture in th^ separator,* owing to that mixture 
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becoming neutral or allcaline. This formation is favoured by 
low temperature, as the solubility of hydrocyanic acid is thereby ' 
increased; once this is fixed as ferrocyanide, no amount of sub¬ 
sequent boiling under ordinary pressure will remove it. In the 
second stage, with access of ferrous salts in acid solution, a 
white precipitate of amfnonium ferrous ferrocyanide, insoluble , 
in acid, is produced. This is not noticed on fishing out the 
crystals of ammonium sulphate, but-on continuous exposure 
to the air the ferrous salt, a' third reaction takes place, viz., 
oxidation to ferrocyanide, i.e., Prussian blue. It is easy to 
examine the sulphate for the chance of turning blue on keeping 
by testing a sample of the fresh'salt with hydrogen peroxide or 
another oxidizing Sgent. *' 

Hence we may take it for certain that local alkalinity, coupled 
with low saturator temperature, are the conditions favouring the 
formafion of blue sulphate. Priming ever of ammoniacal liquor 
from the stills would produce both these conditions, but they 
can exist without priming having occurred. We may take the 
following equations as representing the three stages;— 

(a) 6NH,Cy+FeS = (NH,),Fe(Cy),+(NH,),S.' 

(b) (NH,),Fe(Cy)„1^aFeSO, = FeoFe(Cy), + 2 {NH,).,SO,,. 

(r) Fe,Fe(Cy)«->Fe,(Fe(Cy„),..^FeiFe(Cy„) 3 . 

Cf. also Bailey, /. Gas Lighting, 1907, p. 522, who agrees 
with the above. „ 

Impurities.—h. most objectionable impurity in ammonium 
“sulphate is ami/t(^niuin sulphocyanide (th/ocyanate). This is 
scarcely found in such salt as is obtained by SistilHng gas-liquor ' 
with limb and' absorbing the gas in sulphuric acid; but it may 
occur in the salt obtained by direct satuVation of gas-liquor 
with acid (p» 1329), ai^I it is regularly; found in the salt wh'ich is 
made by washing spent ojjide of iron from purifiers and simply 
evaporating thtwashings(p,i2D6). The latter pfbduct contains 
frequently 25, sopetimes even jp to pi'per cent, of sulpho¬ 
cyanide.* Since this salt is very? injurious to vegetation,® and * 

‘ Esilman & Bfell, Che^. News, xxiqs PP’ I 97 ' 

* The damage‘done to plant-growth^by ammoniifm sjtjihftcyanide (thio-, 

' cyaivite), which was conSdered a matter ©{notoriety, has been represented" 
a| slight by Mr Maerker (BidHermann’s 'Ctntralblattfur Agrikulturchemie, ■ 



SALE-NOffiS FOR SULPHAI’E 1517 

lessens the value of apmoiiium sulifiiate, or even makes it 
quite unsuitable for manuring-purposes, such solutions from 
spent oxide ought never to be utilized by direct evaporation, 
but should be distilled with lime; from the residue calcium 
sulphocyanide may be extracted, and may be worked up into 
sulphocyanides, which have now become articles of commerce.— 
The detection of sulphocyankie in commercial sulphate is easily 
made by the well-known' red colour which it gives with ferric 
chloride. 

P. G. Lloyd {Client. News, 1908, xcviii., p. 172) points out 
that for some years past commercial sulphate of ammonia 
has rarely contained any appreciable quantity of sulphocyanides, 
but sometiiWcs it contains organic compounds injurious to plant 
life, probably owing to their* influence on the nitrifying 
organisms. Gas sulphate sometimes shows this action in 
special cases, but bone sulphate does not, although very stfongly 
coloured. His assistant. Dr Bonelli, found the following test 
for this. If I g. of the sulphate is dissolved in 5 c.c. water 
and strong ammonia added, »an intense violet coloration is 
produced whiJre the undesirable organic compounds are present, 
while no change occurs either with pure gas sulphate or^bone 
sulphate. To detect sulphocyanides in'the presence of those 
organic compounds, radisten ^ g. of the sulphate of ammonia 
with strong ammonia, dry in a water-oven, grinfl with 5 c.c. 
aiicohol, filter, ^lutq the alcoholic filtrate with water, and test 
with ferric chloride, which gives the usual bright red coloration 
if sulphocyanides are present. 


Prescriptions laid down in Sale-nofps for Sulpllak of 
j Ammonia. 

The foUowigg^ proscriptions have keen • issuSd by the, 
German ,Union for the sale of’amtflonii• 

I. Sampling on loading the Sait.^-^-iah. each*transportation. 
vessel or bag a sample of T:he jJame volupie is. taken by means 
of a ladle or auger; thele samples are collected in a’vessel. 
• 

1883, p. 494)t Bet the researches of P. Wagner <873, p. 336), of C. 
Schumann IfbUi., ^#82,* p. 332), a^d of C. Bdhmer \Wagner-Fncke/s 
Jahresber., 1884, p. 324), on the contrary, fully pro>^ the injurious actitsi of. 
the sulphocyanides oa plants. 
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provided with a tightly closing lid, the contents of which are 
as soon and as quickly as possibly ground up and well mixed. 
From this the samples are taken for buyer and seller, into glass 
bottles staled by the seller. ^ 

2. .( 4 Twenty-five g. of the sample- are quickly 
weighed out on a sufiidiently accurate balance, and washed by 
distilled water into a half-litre flank, which is then filled up to 
the mark. From this the samples are taken for the following 
tests 

(a) Ammonia is estimated by distilling 50 c.c., after adding 
20 c.c. cold, boiled-out caustic-soda solution (120 g. NaOH per 
litre), in the usual way {supra, p. 1270). The distillate is caught 
in 40 to 43 C.C. normal sulphuric acid, and the rlon-saturated ‘ 
acid retitrated in the cold with normal caustic-soda solution, 
using: as indicator 2 drops of a solution of i methyl-orange 
in 1600 water (which may be added already to the normal 
acid). 

{p) Free acid is found by titrating 100 c.c. with decinormal 
caqstic-soda solution, in the '■cold, with methyl-orange as 
indicator. ' ' 

(r) Moisture.—Y\ii'p g. of 'the salt are weighed on a good 
balance and dried at ab( 5 t)t 100’ in a stove up to constancy of 
weight. 

(d) I'o.t deciding tests are made upon the samples, taken 
at the ammonia works by persons of, confidence, and at 
the public laboratory agreed upon between buyer and 
seller. ‘ , 

According to-the Chem. Trade J. of'j.ist July 1915, Ivii., 
p^ioo, the. British Sulphate of Ammonia Association are urging 
ithe^British manufactuVers of that article to turn it out testing 
25 per cent, ammonia, which at prefsent is the case onfy withj. 
about 10 per cent, of the British sulphate nf ammonia, whilst 
it is the regular stAngfti iif Germany, and about half the 
1 world’s production is novwsold on a 25 per cent, basis (vide 
supra, p. I5i3).c 

c 

Aptplications of SuMate'of Ammofda. • 

?J,Most of the ammonium sulphate is employed as a fertilizer^ 
/or .the cultivation of bdttroot especially it cacnot be replaced by 
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the cheaper nitrogen <4 nitrate of so 3 a; hence the very l^rge' • 
importation of this salt into fJermany {c/. p. 1524). The action 
of ammonia as fertilizer is slower than that of nitrate of soda, 
bat all the more lasting. It is absorbed by the soil anti retained 
even after large quantities of rain have come down, whereas 
nitrate of soda is washed out in this case, and its soda also 
renders the soil in the end too hard for tilling. According to 
the kind of crop and the conditions of clime and soil, either 
ammonium sulphate or sodium nitrate will be best to apply. 
On the whole, ammonia' is preferable for potatoes; for wheat, 
rye, and oats, they are of equal value. * 

The sulphate also serves foi* preparing’the other'ammonium 
salts, and Sometimes for liquor ammonia, and for making 
ammonia-alum. In the raaniffacture of ammonia-soda, the, 
sulphate is now mostly replaced by the cheaper concentrated 
gas-liquor (pp. 1344 a sef.). 

A 10 per cent, solution of ammonium sulphate is employed 
to render tissues,* papers, etc., non-inflammable. Beaulieu- 
Marconnay (Ger. P. 152006)* applies the sulphate for .this 
purpose, miseed with borate and ffee ammonia, which at*the 
same time renders the timber less hygroscopic, and allciws of 
carrying on the process below 50°. ‘Tlie best mixture is; i 
part ammonium sulphate aiyl 3 parts boric acid, both in the 
solid form, dissolved in an excess of liquor ammonia;. 

• Steinherz JiGer, P. 287744) employs fw this purpose a 
elution of 5 per cent, ammoniugi salphate and 20 per cent, 
magnesium sulphate. 

Syntheticalurec^n made from a solution of crude potassium 
cyanate (prep’hrpd by fusing* 8 parts dehydrated prussiate'of 
potash with 3 parts carbonate of potash an(f 15 r*ed leadjk 
addiqg to H a quantity of ammonium sulphate .equal to 
that- of the pyussiate. ®f potash used, coAcentrating the 
Solution by evaporation, separating# thfe liquid portion from 
the potassiunf* sulphate crystallizing *o!it, .bofling down to, 
dryness, ^nd extracting Jhejwrea froip the* dry residue by , 
means of alcohol. • , • 4ii 

A very important application for ammpniacal nitrogerf”*: 
^ems to be,in,sto|;e for tha manufacture of nitric acid from,^' 
Rmraonia, as destiribed in Luitgis Sulphum Acid and AlMi,* 
i4tli edition, i., pp..2S3 «^(e9i3). 
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on the Manufacture of Sklphale of Ammonia. 

Great Britain.~lht following''table is compiled from the 
Alkali Inspectors Reports, and the reports of Bradbury & Hirsch 
Liverpool. The figures mean long tons, and comjAise all’ 

ammonta, calculated as,sulphate:— 


From 

— ' 

1886. 

X864. 

1866. 

1860. 

1867. 

1866. 

1869, ; 

Gas-works . 
Blast-furnaces. « 

Shale-distilleries . 
Gas-producers, coke- 
ovens, etc. , 

87,000 

5.500, 

22,000 

3,000 

113,634 

10,075 

32,29s 

3.448 

119.645 

14,588 

38,325 

7,083 

127,498 

i6,5n 

37,822 

9,078 

132,724 

17,772 

37,153 

10,624 

129,590 

>7,935 

37,264 

11,568 

136,529 

27,963 

38,780 

15,209 

Total . 

117,500 

1 

159455 

1 

179,641 

1 

190,909 

298,273 

196,357 

208,481 


CUi-works . 
Iroo-worKs . 

Crae-oven works. 
rroducer-gSs and 
carbonizinj 
works (bone am 
> coal) 


Total , 


r From 


Gti-works , 
Iron>worka . '' . 
Shalf-woAs 
Goke^en work#. 
Prodncer-gai and 
L carbonizing 
” works (bone and 
coal) 


Total 



f * 0 — ' 

, ■ ‘‘‘y I9i4..£ngland contributed 205^06 

m Scotland 123,090 tons, and«Ireland 3000 fens^ ' * V 
Jhe following tabic shows cthe amount of ammohi»*%^ 
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sulphate exported from G^at Britain to other countries, expressed 
in units of 1000 tons:— 
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0 

it 
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Percentage * 
of 

Exportation. 

Percentage of 
Home 

Consumptioa. 

1894 

41-5 

17-4 

8-8 

6*2 

n -9 

4-3 

5'3 

3-7 

4-2 

103-3 

56 

64-85 

35-15 

1895 

40-3 

22*2 

7-3 

5'9 

7-1 

11*6 

6*2 

2.4 

8.7 

I2'6 

III -7 

67-8 

62-23 

37*77 

1896 

43-4 

21 

12*8 

8.3 

7 

9-8 

6-8 

4-3 

126 

64-5 

66-14 

33-86 

1897 

55-2 

27*2 

23-1 

6-8 

9-8 

8.9 

4.9 

4 

I 3 -I 

153 

45 

77-27 

22*73 

1898 

42.2 

31-5 

16 

18.3 

10*2 

4-7 

. 6-3 

4.9 

12-8 

136-9 

59-6 

69-67 

30.33 

1899 

33-6 

38^ 

37 ^ 

10 

13-6 

8-4 

8.2 

5-3 

4-8 

18-13 

140*2 

65*3 

68-22 

31-78 

1900 

32-6 

11.7 

n-5 

10-3 

9-5 

7.6 

s-s 

I 9 -I 

« 45-3 

67-7 

68-22 

31-78 

1901 

41-6 

36-9 

67 

14-2 

(?> 

10-6 

c?) 

C?) 

C?) 

150*2 

6 , 3-5 

170*20 

29-71 

I90Z 

44-1 

40-3 

12-6 

15-5 

7-2 

10*1 

7.1 

4'5 

21-4 

162-8 

68.7 

73*5 

26-5 

1903 

3 $ 

43-6 

9.6 

19.3 

7.9 

8.4 

7.8 

3-6 

27 

162-2 

61-8 

73*6 

26-4 

1904 

31 

48 

10.5 

21-5 

lt-6 

9-4 


177-3 



1905 

1906 


... 

... 


.. • 



V 

...'■ 

201*5 

... 

■ 

... 

1907 

1908 

33'5 

... 

51-7 

23-6 

••• 

13*4 

3-3 

28.9 

's-i 

4-0 

8>o 

230 

234.9 



... 

1909 

37 

66'I 

12 

230 

7-1 

3 S-I 

, 8-1 

5-1 

8-9 

264 




X9I0 

7'S 

50*2 

8.4 

32.4 

3-4 

76.1 

7'5 

5-3 

12.6 

283-8 




1911 

2-7 



... 



• 

...» 

291-9 




1912 

2*1 

64'3 

7-7 

33'5 

... 

39-3 


... 

40-6 

289-5 




1913 

14.5 

55-9 

8-9 

380 

2<2 

} 7 -o 



• S.. 

328-2 


• 


1914 





-•_ 


. t 

... 

314 



... 


* • 


Iron-works recovering ammonia from blast-furnaces in the 
United Kingdom ate almost exclusively confined to Scotland, as 
only in special districts coal is hard^nohgh to stand in the blast¬ 
furnace without crushing. The English works are confined ti^ 
Staffordshire. Tho production from shale disHltetion is entirely 
i^confined to Scotland. Thtf most remarkable^ development 4 
concerns the coke-oven works, as is apparent from the aJ}ov« 
given*table.' * 

In District No. 2 (f^orth of England), where Ifquor corre- 
^'s{K)nding to 2^p66 tons of sulpRate of arftmonia was distilled'in, 
f 1906, only o 17 per cept. of this was wade mt« liquor ammonj^.* 
'^sed codtinqlhus distilljition,«representing99-7.’ 
i,p^ cent of the liquor distilled; eight smalj works usdd disj» 

) Cpntinuou^disjillation. Tips proportion was almost the same in, 
.iBie other districts, Jthe’ proportion of liqhor distilled by coh- 
'tinuous processes being from* gg-i to 9f-5 per cent of ih^ 
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The number of ammonia-works ^sulphate, muriate, and^ 
gas-liquor) in the United Kingdom in 1906 was 536, in 
tWi 554; in 1909, 536 works produced ammonium sulphate 
and chloride, and 57 works only concentrated liquor ammonia; ’ 
in 1910 the former had increased to 543, the latter had decreased' 
to 55; 

P'rom the report of the Chief Tnspector of Alkali Works, , 
W'. S. (^urphey, J. Gas Lighting, 1911, cxv., p. 13, we take 
the following statements upon the sources from which the"- 
ammoniacal liquor p/oduced in the United Kingdom was 
obtained:— 

1U0>. 1910. 

Tg) will. • r«r cent. 


('■as-works . . . ^ , a 

■ 54-9 

51-2 

Coke-works .... 

• 34'0 

35-2 

Power gas-works . . 

6-9 

9.9 

iron-works . . . . » 

2-8 

2'3 

Carbonizing-works for bones and coal 

. 1-4 

1-4 


c 


[Inited States .—The produetton of ammonia in the United 
States, expressed in its equivalent of sulphate,*according to 
The ilineral Industry, xv., p..28, has been: 

1808 1809 WOO 1001 a 1908 1908 1901 

Short ions ..17,000 19,500 27,600*29,279 35,124 41,873 S 4 , 664 > 


1905. 1906 1907 1908 1909 1010 . 

Short Ions . 65,296 75,o<jo 89,000 83,100 icft,5oo'’116,000 
. r 

r * 

At the present time about three-fourths ammonia comes 
from by-product coke-ovens. *' ' ’ , 

c The following table'shows the imports, the total xonsump. 
tion, and.th'e average market price per short ton of 2cxxj lb. in 
the United'States:—» 




1890 . 

« 1 I 

•IWO. 'l 3 oit 1902 . 1008 ;' ^ 004 . 190 &. 1006 . 1907 .' 

f • . w 

• « 

Imports (short 
tons) . 

Total consurap- 
• tion (short 
; * tons) . 
Mafket price . 

' j $-‘ - * 

« 

26476 

I 50-29 

1 1 

• •/ 

8,411 14,486 18,46 i6,7f7 16,667 15,288 9,182 ya , ui : 

• % • 

• • . ‘ 

• f r (> 

j6,pn 43,765 54,250 58,650 71,331 *0,584 84,182 119,814, 
157-40 f55-i6 159-90 462-10 861-71162-92 $62-33 $61.93 

' '■ .... " 
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Jn 1912, the United gtates imported 54,015 tons; in 1913, 
62,190 tons; in 1914, 78,0,^2 short tons of ammonium salts,, 
calculated as sulphate. 

N. Caro {Die Stickstofffrage in Deuischknd, 1908, 
p. 18) gives the following table for the production of ammonium 
sulphate in Germany 







Sxcesi of intporta* 

Year. 

At 

At 

Total 

Liquor * 

lions of sulphate 

(ias*worlc 8 . 

Cok»*work 8 . 

sulphate. 

ammoniffi. 

from abrotd over 




0 

exi)ortatiom. 


Tons. 

Tom. 

•Tons. 

Tons. 

Tons. 

i 8§7 

14^0 

70,000 

84,000 

* 4 * 

30,494 

1898 

14,000 

84,000 

98;ooo 


26,172 

1899 

15,500 

84 , 5 (Jb 

I(Xf ,000 


47.315 

1900 

18,000 

88,500 

106,500 

580 

20,674 

1901 

20,000 

113,000 

133,000 

720 

34,866 

1902 

23,000 

117,00^ 

140,000 

1180 

36 , 5 b 9 

1903 

26,000 

120,000 

146,000 

1630 

29,576 

1904 

30,000 

152,000 

182,000 

1680 

24,468 

1905 


• 168,000 

203,000 

2425 

27,416 

1906 

38,000 

197,000 

235,000 

• 

2500. 



The following statements are* frorr^ ether sources (the figures 
mean thousands of tone):— 


Year. 

Projjuetimt 
at Su'WorRB. 

At 

cokC'Works. 

Prom 

Vinaese. 

• 

T4tal 

production. 

Home- 

consumption. 

1906 

• 1907 

1908 

1909 

1910 
,1911 

1912 

1913 • 

1914 

30 . 

. 30 

40 

40 . 

’ 40 

'• • 

Per cent. 

200 

357 , 
... • 

278 

V 

*.:.* 

Per cfut. 

5 

5 * 

• 

415. 

287 

313 . 

322 

373 

408 
• 494. 

. 549 

414* 

. • 

• 

. 287 
fti 

• 

a*. 

• ... 


4 is expected that in 'Germany shortly, ^300,000 tcftis pe* 
innum o[ ammonia in* various forms will .b,e produced, so 
that its total asinu^l ptoductidli will be eSjual to about Soo.ooo 
tbns of sulphate. 

The following figures** show the* importations anck,^- 
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portations of sulphate ammonia ^or Germany for some 
^ years:— 


• 

1904 . 

1005 . 

1900 . 

1907 , 

1912 . 

1918 . 


Tons. 

Tona. 

Tons. 

Tons. 

Tons. 

Tons. 

Importation . 

Of this from Great 

35 .>«> 

48,005 

35,366 

33,522 

23,098 

34,627 

Britain 

17,67s 

26,813 

16,283 

13,500 



Of this from Austria 

12,293 

4,519 

15,686 

16,524 



Exportation , 

10,(96 

27 , 5*9 

37,288 

57,493 

57,267 

75,868 

Of this to Belgium . 

5,319 

18,078 

23,692 

30,940 

19,723 

15,774 

„ „ France . 

' 371 

1,027 

2,629 

7,242 

4,213 

7,428 

„ „ ftaiy 

„ „ Nether¬ 
lands . . ^ 

6 

279 

3,601 

6.507 

3016 

3,550 

1,345 

1.167 

4691 

11,756 

19,41 

18,195 


Consumption of ammonium sulphate in Germany:— 


Ye*r. 


Year,* 


1908 • • . 275,000 tons 1910. . . 370,000 tons 

1909. , . 350,000 „ 1911. . 415,000 „ 


Italy {Client. Ind., 1908, p. 523) produces about 5000 tons, 
and imports another 4000 tons, nearly all from England. 

Ivf-Chem. Trade J., jJiii., p.^SO, we find the following official 
statements for the production and importation of sulphate of 
ammonia in ^taly :— 


Year. 

Pm luptJons. 

Imports. 

Trtal. 

r 

Year. 

ProdnetlbnH. 

* Roports. 

Total. 


Tons. 

To^ifl. 

Tt)ll8. 


Tons. 

Tons. 

Tons. 

1896 

1,523 

« «... 


1902 

Stm 

3,686 

5,501 

8,941 

189; 

1,606 

... 


1M3 

.5.367 

9.053 

1898 

1,350 , 

3.858 

5,208 

1^4 

3,837 

6,975 

10,812 

J899 

1,436 

4,504 

5,940 

1905 

4,124 

5,201 

9,325, 

1900 

2,47 

5,362 

7,509 

1906 

, 4,820 

9v738 

17,558 

1901 

2*967 

IT 

4.297 

4 • 

7,264 

1907 

• 

_ t__i 

4,942 

c... 


In 1912 Italy imported^ 2.1^190 tons, and exported 21,669 tons®, 
sulphate of ammonia. , , * 

^ - Austria-Hungary produced sffipha'te of ammonia! 


Tear. 

Tons. 

1 Year.' 

Tons. 

y«r. 

Tonji' 

1898 

. 30JCXX) 

. 30,000 

i. >901 

,. ^0,009 

1906* . • 

• 45.000 

*1899 . 

1 1902 

,•* 45,000 

‘ I 9 P^ •. 

• 55 . 0 ^ 

'‘4500. . 

■* 

I' >903 

. |4,ooo 

1908 

. 8 o,(Xx> 



1 • 

» • 

I «09 • 

, 97,000 
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France 

— 





YttLT . 

Tons. 

Tar. 

Tom. 

Var. 

Toni. 

1898 

35.000 

1902 

40,000 

1906 

. . 49,000 

1899 . . 

36,000 

1903 . 

42,000 

1907 

. 52,700 

1900 

37,000 

1904 . 

43 >ooo 

1908 

. " . 52.000 

1901 

38,000 

1905 . 

47,300 

1909 

• 53.000 




• 

1910 

. 5^000 

. Belgium and Holland :-^ 




Tar. 

Tons. 

Year. 

Tom. 

Yar. 

^ Tons. 

1898 

30,000 

1902 

. 38,000 

1906 

. . 30,000 

1899 . . 

32,000 

1903 . 

0 

8 

1907 

. 55,000 

1900 

33.000 

1904 . 

. 39,ooe 

1908 

. 35.000 

1901 

35.000 

1905 • , ' 

. 24,000 

1909 

. . ,40,000 


WorMs Production.— folfowing estftnate of the world’s 
production of ammonium sulphate is taken from various 
sources. The figures up to 1911 mean long tons, those for 
1912 and 1913 metric tons ( = 2204-6 lb.). * 


Country. 

a 

1902. 

1008. 

1904. 

1905. 

100c. 

1907. 

Grea*. Britain •. 
Germany . 

United states 

France 

Belgium ami Holland 
Other cotintries , 

225,300 

I35.CKX> 

33,000 

40,000 

SS.QCK) 

45,000 

230,200 

140,000 

38,000 

52,000 

35,000 

45 ,«oo 

24*,500 
173,000 
• 50,000 
43,o«0* 
39,000 
48,000 

264,400 

190,000 

60,000 

47.300 

24,200 

55,000 

279,000 

235,005 

68,000 

49,100 

30,000 

55,000 

• 

3*31,220 
287,000 ■ 
. 81,400 
52.700 
55,000 
88,000 

* Toul ^ • , 

.516,300 

540,200 

594,500 

64(4900 

716,100 

895,320 

Cotiutry. 

1908. 

1909. 

• 

1910. 

1911. 

• 

1,12. 

1918. * 

• 

Great Britain ? 
Germany . 

United States 

France . • . 

BelgAm and Holland 
Other countries . • • 

> 

321,000 
313,000 
40,000 
• 52000* 

35,000 

97,900 

• 

34^000 

340,000 

90,000 

53,000 

40,000 

►107,000 

• 

369,000 

383.000 

116,0* 

57,000 

4I,OCO 

145,8001 

•, > 

• • 

378.500 

418,0(X^ 
115,000 
60,000 
40,000 

169.500 

394,226 

149.700 
69,100 

41.700 
Too,700 

438,933 

549,000 

17^0 

’ 75,400 
48,600 
123,200 

Total T* . 

858,000 

978,000 

-•— 

t,UI<8«> 

’l,I^, 0 * 

1 , 2494*6 

1,412,^2 






CHAPTER XV 

THE WOKKING-Ul' OF AMMONIACAL LIQUOK INTO 
CONCENTRATED LIQUOR AND LK^UID AMMONIA 

Storing and Separating from the Tar. 

According to the nature of things, amraoniacal liquor, such as 
results from mixing up the aqueous liquids from the hydraulic 
main, condensers, and scrubbers, is always more or less con¬ 
taminated by tarry substances. ' Some of these are actually 
dissolved in the water; but others are only present in the state 
of suspension, and can be separated by proper settling. It is 
very important that this should be done, as the nuisance caused 
by working ammoniacal liquor is very much lessened by the 
removal of these tarry substances. ‘ 

The separation of tar and ammoniacal liqiior is principally 
effected in the collectipg-basins of gas-works and coke-works, as 
described in VoL I., pp. 37^ and 384, sometimes aided by special 
contrivances (Vol. I., pp. 385 et seq.). But there always remain 
small quantities of tarry substances suspended in the aqueous 
liquor, which in its working up for ammonia may cause great 
trouble by forming with part of the lime, introduced into the 
stills, greasy ma^es, sticking fast in the various parts of the 
apparatus, and causing, frequent interruptions of work by the 
necessity of removing them. 

Of course it is very important to completely remove thfese 
tarry substances before working up* the ammoniacal liqupr, 
either by pfolonged sedimentation or by special contrivances. * 
An excellent arrangement for' this purpose is in operation 
at the Vaugirard gas-works at Paris, where formerly strong 
complaints were made by the neighbours. ' It is shown in Figs. 
•254 and 25s, p. 1328, in vertical section aiid ground-plan. The 
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■gas-liquor is stored in large underground brickwork cisterns, GG, 
and is from these pumped by pumps TT (driven bj4 the steam- 
engine M) into the four iron tanks B, C, D, E, mounted at a 
height. These tanks communicate by overflows; the liquor is 
first pumped into B, and from there gradually runs into C, D, 
and E. During this passage the settling down of the tar takes 
.place. Most of it is found in B and C, very little in the others. 
The liquor, now practically free from tar, runs from the surface 
of the last settler, E, through the pipe S, into the gauging-tank 
from which the stills are charged. The tar collecting at the 
bottom of the first two settlers, B, C, is drawn off by the tap 
F, and run into iron tank-wagons, to be transported to the 
tar-works. The small quantity of tar collecting in D and E 
is run back into the cisterns GG by means of the pipes 1 , T, 
and K. 

At large gas-works sometimes the tar and ammoniacal 
liquor, which are produced ie about the proportion i: 2, are 
first stored in smaller pits, sufficing for about a week, and then 
pumped up into high-lbvel tanks, es just described. 

The brickwork of the tanks for ammoniacal liquor should be 
made with asphalte mortar, or there should be at least an 
outward isolating space of aq inch, filled up with asphalte. The 
tank bottoms are inclined to one side; at the lowest point there 
is a small collecting-tank for the tar separating here. The 
■liquor goes through a coke filter, for retaining any coarser 
impurities, through a pipe to the bottom of the first tank, from 
this in the same way into the second tank, and so forth; from 
the last tank, which contains perfectly clear liquor, it is pumped ^ 
into the stills. 

The Deutsche Continental Gas-Gesellschaft in Dessau (Ger. 
P. ^91342) separates the ammoniacal liquor* from the tar by 
allowing this.to flow downwards in an open, inclined spout 
which passes through the liquor and the«tar, contained in a 
lank, part of the spout being free on the top. Here the 
ammoniacal liquor, being of smaller specific gravity, separates 
from the tar and is ,at ^>nce taken up by the liquor in the 
* tank, when touching it Thp tar continues its courfe downwards 
in a quiet stream, u'ntil it unites with the tar below. For each 
of these liquids overflows are arranged. 

Brunck (R Ps. 8287, 1903; *15646, 190J; Fr. Ps. 331077* 

4 P 
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and 356589; U.S. Ps. 824902 and 825297) subjects the gases 
to centrifugal action, in order to free them from tarry matters, 
before they enter the absorption apparatus for ammonia. 

Storage. —On a soil liable to changes of level, as is frequently 
the case near coal-pits, the ammoniacal liquor is preferably 
stored, not in brickwork tanks, but in iron tanks, set in such 
manner that they can be inspected and caulked in case of 
need. 

If gas-liquor has to be kept in stock for any length of time, 
it must not be forgotten that it loses a great deal of its ammonia 
by evaporation. ’ This loss may to a great extent be avoided by 
runnii% in the fresh liquor near to the bottom of the tank, and 
pumping it away from thd same place. Thus the upper portion 
of the contents of the tanks reraain.s very nearly unchanged for 
a long time, and protects the lower portion from a loss of 
ammonia by evaporation. 

A process for storing ammoniacal liquor (as well as tar, etc.), 
in a proper manner is the subject of the Ger. P. 204888, of 
1906, by Ernst Kortisg. He forces the liquid with exclusion 
of air into a tightly closed store-tank, the gas space of which 
is connected with a coal-gas pipe, in order to prevent rusting of 
the inside metal, as well as losses by evaporation and nuisance 
by escaping gases. 


Working-up Ammoniacal Liquor vfithout^ Distillation. 

Sometimes crude gas-liquor directly used as manure; but 
its carriage tyould 'form an obstacle to a more i .vlended 
employment of this kind, and the inevitable loss of ammonia 
by evaporation is also a disadvantage. 

•Formerly, tife most usual method of .treating so much 
of the gas-liquor as was not run to waste was to saturate it 
directly with sulphuric or hydrochloric acid, and to evaporate 
the solution till the ammonium salt crystallized out. The 
gases escaping at the srfturatign, carbon dioxide and hydrogen 
sulphide, were sometimes passed through a fire to burn the 
hydrogen sulphide, which whs done very imperfectly, owing to 
the admixed moisture and chrbon dioxide. The resulting 
sulphate, or chloride -of ammonia was very much dis¬ 
coloured by tarry substances, and at the present day would 
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hardly be saleable. Apart from this, direct saturation must be 
declared irrational, because the evaporation of such dilute 
solutions takes more fuel than the driving-off of ammonia ig 
properly constructed apparatus; and there is, moreover, a 
smell of HjS during the concentration of the liquors. Direct 
saturation seems to be rarely, if at all, practised now for 
sulphate, but it is still done for ammonium chloride. 

A certain modification of the direct saturation process is 
practised by Hep worth {Twenty-third Report on the Alkali 
Acts, p. 38). The scrubbers are fed with a neutral solution of. 
sulphate of ammonia, which, after having taken up the 
ammoniacal compounds, is neutralized in leaden ^vessels 
with sulphuric acid of sp. gr. 1-7, the escaping gases being 
passed through an oxide-of-iron purifier, The neutral solution 
is again pumped up, and this is continued until the strength 
has risen to i'20, whereupon the liquor is put into the 
evaporating-pans. The liquor' sljould never be pumped upon 
the scrubbers in an acid state, which would cause a loss of 
illuminating-power to the gas. 

This process in i886 yielded 170 tons sulphate from 18,500 
tons coal distilled; the gas daily passing through the scrubbers 
amounted to 800,000 or 900,000 cubic feet. 

Treatment with Calcium or Magnesium Sulphate, etc .—The 
conversion of raw gas-liquor into sulphat’e is sometimes 
performed by bringing it in contact with calcium sulphate 
(plaster of Paris! gypsum) ;> but this yields only a very impure 
article, and, cheap as this plan seems to be, is not carried out 
by anyjarge number of works. 

Al. MacDougall (B. P. 202, 1882) mixes calcium or mag¬ 
nesium fulphate or chloride with sawdust, bark, peat, or the 
like, and sprinkles the gas-liquor over it, after having add^d a 
little sulphuric or hydrochloric acid. Thus ammopium sulphate 
or chloride is produ<;ed. 

De la Martellifere (B. P. 2963, 1880). adds to gas-liquor 
aluminium sulphate, and draws-off the resulting solution of 
ammonium sulphate from the precipitate^ silica and alumina, 
which carry'down the tarry matters. Xhe purport of this 
invention is not very clear, since this mode bf punfication from 
tarry matters would be rather expensive. . 

Dubose and Henzey {Bull. Soc. Ind, Rouen, xvfL, p. 439)'’ 
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treat gas-liquor with calcium chloride and ferric chlorjfle, 
whereby the sulphide is removed, and evaporate Jhe solution 
of ammonium chloride. 

Pfannenschmidt (/ Gasbeleuchf., 1884, p. 205) recommends 
the following process for dealing with gas-liquor at small 
gas-works, where it does not pay to employ costly apparatus 
The spent oxide of iron is spread out in an open shed in 
a layer of 6 or 8 in., and soaked with qs much gas-liquot 
as it will take up. Upon this another such layer is spread, 
equally soaked with this liquor, and this is several times 
repeated, the top layer remaining dry. After a few days 
the heSp is turned over till dry, whereupon it will take up 
more liquor. This must 6e done in dry, warm weather. The 
ammonium sulphide first forms iron sulphide, and this is 
oxidized into ferrous sulphate, This again acts on ammonium 
carbonate and sulphide, with formation of ammonium sulphate 
and ferric hydrate, together wjth iron sulphate, which continues 
the proce.ss. Thus up to 32 per cent, ammonium sulphate can 
be accumulated in thet mass. (No doubt much ammonia will 
be lost, and a very perceptible smell caused by this process.) 

Grahn {Client. Zeit. Rep., 1888, p. 169) avoids distilling the 
gas-liquor by driving out the ammonia by a current of air, and 
applies heat in case of need. (This process must at all events 
leave all fixed afninonia behind, and the contlensation of the 
volatile ammonium salts is thus rendercd»much more difficult.) 

Warth {Chem. News, 1906, p. 2J9) proposes to use plaster 
of Paris Tor extracting the ammonia from gas-liquor in places 
where sulphuric acid is not available in large quantities. By 
shaking up liquor with plaster of Paris, he recovered 97 per 
cent, of the ammonia present, viz., 17 per cent, by boiling the 
solufion and absorbklg the evolved ammonia in sulphuric 
acid, and 80 per cent, by concentrating the residual solution 
to obtain crystallized ammonium sulphate. • If it were desirable 
to dispense altogether with the use of sulphuric acid, the gas- 
liquor might be first treated with gypsum and the solution 
drawn off treated with ferrous sulphate, filtering off the FeS 
produced. ^ * • 

The Soci^t^ In’dustrielle des Produits Chimiques Cuise- 
T-amotte (Cer. P.s. 253553 and 270532) passes into a saturated 
^Ittfion of ammonium sulphate NHj and COj in equal 
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molecular proportions and transforms the ammonium carbonate 
formed into.sulphatc by means of calcium sulphate. The liquid 
is heated, whereby the ammonium sulphate goes into solution, 
and can be separated from the calcium carbonate by filtration. 

Kieserite [native magnesium sulphate), from Stassfurt, is 
employed by Kelly and Weigel (B. P. 8680, 1884) in this 
way:—A mixed solution of kieserite and common salt is 
cooled down, whereupon sodium sulphate crystallizes out. 
This is treated by ammonia and carbonic acid; the resulting 
sodium bicarbonate is separated by filtration, and from the 
mother-liquor ammonium sulphate is recovered. This is" 
evidently more a process belonging to the domain of alkali¬ 
making. This is also the case with Gerlach’s process [Dtngl. 
polyt. /., ccxxiii., p. 82), which is founded upon decomposing 
concentrated gas-liquor by sodium chloride, sulphate, or nitrate, 
and passing a stream of carbon dioxide into the liquor, where¬ 
upon sodium bicarbonate is precipitated, and ammonium 
chloride, sulphate, or nitrate remains in solution. This process 
has never been practically carried out. 

N. Schuster and British Coke Oven.s, Limited (B. P. 6061, 
1914), extract ammonia from ammoniacal liquor by means of 
coal-gas from which the heavy hydrf>carbons have been removed. 
For this purpose the necessary volume of gas is withdrawn from 
the main, is then reheated, and, after having been passed 
through an ammonia* still in which it becomes heavily laden 
with ammonia, is returned "to the main, and together with the 
gas flowing through the main is caused to enter a saturator. 
The returning gas laden with ammonia is caused to re-enter the 
main at a pressure greater than that of the gas at the part of the 
main where the returning gas so enters. As compared with 
the employment 6f steam for the extraction of ammonia ^rom 
ammoniacal liquor, it is claimed that this process effects an 
enormous saving of beat. 

A great deal of attention has been rpcently given to working 
up ammoniacal liquor withoui’ distillation by oxidizing the 
ammonia into nitric acid. Many years ago Kuhlmann showed 
that ammoffia, under the influence of platinum sponge, is 
burned by atmospheric oxygen into nitric acid; but the 
technical utilization of this reaction dates only from the last ten 
.' or twelve years. The foUowiitg processes are founded upon it,. 
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Ostwald (B. Ps. 698 and 8300, of 1902; 7909, of 1908; 
J.S. P. 858904) with the co-operation of Brauer, fojind as, best 
atalyser for this reaction platinum foil, covered with platinum 
ilack, which allows of utilizing gaseous mixtures containing but 
, small percentage of ammonia. Gas-liquor, putrefied sewage, 
tc.,are mixed with a sufificieot quantity of caustic lime or soda, 
,nd treated with air on the counter-current principle. There 
nust be at least 7O for 2NH3, to produce sNO^-l-SHjO. The 
;aseous current must have a certain' rate of speed, and the 
:ontact mass a temperature over 300^ The nitric acid formed 
s obtained in the shape of ammonium nitrate. Ostwald's 
)rocess has been carried ,out o'n a large scale by the Gewerk- 
chaft Lothringen at the Mont Cenis coal-pit. 

A similar process is that of Schmidt and Biicker {Berl. Ber., 
906, p. 1366). 

K. Kaiser (B. P. 20305, of 1910) preheats the air before 
nixing it with the ammonia gas, and passes it over finely 
neshed platinum tissue, either left smooth or platinized. 

Frank and Caro* (Ger. P. *224329) employ as contact 
mbstance for the oxidation of amraotiia thorium oxide by itself, 
n mixed with other oxides of the rare earths; this has the 
idvantage against other ^atalysers of swelling up by the 
brmation of thorium nitrate, and therefore always remaining 
n an active form. , 

Wendriner {C/icm. Ind., 1911, p. 456) employs as contact 
substance uranium, or compounds it, by theinselves or mixed 
vith other catalyserg; the reaction in this ca.sc goes on at 400° 
:o 500“, with nearly theoretical yield. 


Removal of thS Cyanides from Gas-liquor Iffore Distillation. 

Bower (li. P. 2918, of 1882) converts the cyanide in raw 
gas-liquor into ferrocyanide before distillisg it with lime. 

Gutknecht (B. P. 9^96, of 1903) also purifies the crude 
gas-liquor from cyanides a«d HgS by addition of ferrous 
sulphate, so as to, m 3 ke it fit for fresh use. When thus 
enriched, he treats it wjth calcium sulphate ‘and recovers 
the ammonium sulphate thus’formed by evaporation. From 
the iron* precipitate he recovers sulphate, ferric oxide, and 
Prussian blue. 
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Kerry (Fr. P. 403056) treats the gas-liquor with carbon 
dioxide, in order to convert the ammonium sulphide into 
carbonate, adds sodium carbonate in order to decompose the 
cyanides, thiocyanates, etc., and obtains crystallized ammonium 
carbonate by concentrating the solution. 

J, Grossmann has worked out a very interesting process for 
removing the cyanides, for which he has taken out the B. P. 
19988,1907, and upon which he has published a paper in the 
/. Soc. Chem. Ind., 1908, pp. 393 et seq. The claims of the 
patent are: (i) The conversion of the cyanide compounds 
In crude ammonia liquors into ferrocyanide by means of 
an excess of iron sulphide, carried out with such a Quantity 
of FeS and such an excess of ammonium sulphide as will 
produce practically only soluble ferrocyanide; (2) The re-use 
of the iron sulphide from previous in subsequent operations. 
The inventors who have previously been working at the 
problem of extracting cyanogen compounds from crude coal-gas 
have been chiefly trying to ob‘tain insoluble ferrocyanides 
(which causes complications) or sulphocyanides, the value of 
which is much less than that of the ferrocyanides. Carpenter 
and Linder have proved (Reports on Alkali, etc.. Works, 
supra, p. 1311) that the crude gas contains cyanogen only as 
hydrocyanic acid or ammonium cyanide; in the absence of air 
all the cyanogen in the ammonia liquors is present as ammonium 
cyanide, and whatever. ferrocyanide and sulphocyanide is found, 
is due to secondary action.^ The cyanogen may be altogether 
' transformed into these products by suitable treatment, and it is 
most profitable to aim at the production of soluble ammonium 
' ferrocyanide, on account of its greater value,. This might be 
done by^ agitation with ferrous oxide or carbonate, but this 
process has certaifi drawbacks, especially a loss in the shape 
of insoluble double compounds. This is avoided by employing 
ferrous sulphide in^ the' presence of a sufficient excess of 
ammonium sulphide. The ferrous sulphide must be employed 
at first in great excess, since the quJtntity of cyanogen com-, 
pounds in ammonia liquors varies coKsiderably, but the FeS 
not converted into ferrocyanide regains behind in an insoluble ' 
form and is turned to use in the next operation, where there is 
a sufficient excess of ammonium sulphide. The iron, removed . 
in the shape of ferrocyanide js replaced by ferrous chloricje, 
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which is more convenient to use than ferrous sulphide, and 
which is at once converted into FeS by the NH^S. 

It is best to work continuously in a properly constructed 
washer, to regulate the addition of ferrous sulphide and chloride 
so as to ensure the proper quantity of iron compounds being at 
all times present, to collect the settlings in a store tank, and to 
determine by tests the quantity required for the conversion of 
the ammonium cyanide in the next batch ^of ammonia liquor. 
The crude liquor should be used as fresh as possible, but it should 
be well settled and free from tar. After treatment as above 
and settling again, it is passed through the ammonia-still in the 
same Aanner as at present. The effluent from the still will 
contain more ferrocyanide* and less sulphocyanide than hitherto. 
It is settled in the usual and the ferrocyanide is precipi¬ 
tated by ferrous or ferric chloride, in the shape of Prussian blue, 
which can be easily converted into marketable .sodium ferro¬ 
cyanide. The effluent still remaining should be dealt with as 
described in a later section of this chapter. 

Grossmann points* out that, according to Carpenter's and 
Linder’s investigation.s, in the distijlation of crude ammonia 
liquors, hydrocyanic acid is evolved, and therefore the vapours 
and condensation products are highly poisonous. This would 
be completely remedied ty the conversion of ammonium 
cyanide into feJro^anide. The average quantity of sodium 
ferrocyanide obtainable per ton of coal carbonized amounts in 
coke-ovens to about m lb. and irk gas-work? to about i-6 lb. 
The cost of chemicals and working expenses is about id. 
per lb. of ferrocyanide, leaving a clear margin of about 2^d. 
per ton of coal in coke-works, and over 4d. per ton of coal in 
gas-works. 

Removal of the Tar-fog from the Gases before treating 
them for Ammonia.^ 

This is very imgortant for obtaining good products. 

Dr C; Otto & Co. (Ger. Ps. 203254 and 204576) remove the 
tar fog from the hot gases of destructive distillation by means of 
a tar-spray jet, which at the same time produces the forward 
movement ofthe' gases. These'ean then be immediately passed 
into the «icid intended for absorbing the ammonia. A jet of 
thin tar is introduced into the gas previously to the tar-spray^ 



,1336 THE WORKING-UP OF AMMONIACAL LIQUOR 


blower, which process has the advantage of washing any lumps 
of tar retained in the thick-tar blower out of the latter. 

Purves, in /. Soc. Client. Ind., 1915, p. 335, commends this 
process as “easily the best” for the purpose in question. 

Burstell (B. Ps. 10901, 1908) describes a washer or cooler 
for the purpose of depriving gases of tar and dust, and for- 
cooling the gas. 

The Berlin-Anhaltische Maschinenbau-Aktien-Gesellschaft 
(Fr. P. 461956) removes the tar from warm gases by introducing 
the gas beneath a flat plate with holes of i cm. diameter and 
immersed in a layer of tar or tar-oil, so that large bubbles of the 
gas rise in a steady stream throfigh the tar, the surface ot which 
remains comparatively calm. Owing to surface tension, the 
bubbles become flattened as they reach the surface, and the tar, 
etc, contained in the gas is effectively removed as the bubbles 
escape from the surface. 


Manufacture of Ammoniacal Compounds hv 
Distill/nc the L1<)U0R. 

Question of Boiling with or without Lime (Volatile and Fixed 
Ammonih). 

Much of the ammonia in ammoniacal-liguof (in good liquor 
most of it) is present-in the form of salts which volatilize on 
boiling, and thereby suffer dissociation—essentially ammonium 
carbonate and sulphide. This “volatilq” ammonia can be 
expelled by simple prolonged boiling of the liquor; but the 
“ fixed " ammonia—that is, that which is present as sulphate 
chloride, eulphocyanide, etc.—remains behindj^and can onlj^^ be 
expelled by decomposing the salts with like. 

We have seen (pp. 125;! seq) that the proportion between 
"volatile” and “fixed’’ ammonia varies greatly. In very good 
liquors only a small percentage of the ammonia is " fixed "; and 
in such cases the treatment with lime, which complicates the 
apparatus and process and greatly prolongs the boiling, does 
not seem to ^ay. Hence many manufacturers never use any' 
• lime in their ammonia-stills (according to Ballards Report, 

p. 129, only a minority of English ammonia-makers do so). 

' The use of lime, however, Ought never to be omitted if the 
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"fixed” ammonia exceeds a very few per cent, of the total 
ammonia. Although even by the lime treatmenj; the latter 
is rarely absolutely set free and utilized, yet the additional 
ammonia gained by its use pays very well for the process if it 
amounts to at least .something like 5 per cent.; and this is 
probably the general case with,gas-liquors mixed from all 
parts of the condensing- and scrubbing-plant. 

J. H. Cox {cf, p. 1260) considers it a good rule to add 50 lb. 
of lime per ICXX) gall, for every 100 grains of fixed ammonia 
per gallon of the liquor, that is, 350 lime to 100 fixed ammonia. 
In praqjice it is easy, by analyzing the products of manufacture, 
to find out the proper quantity *of lime to add, which, of course, 
is always greatly in excess of the theoretical. 

In an apparatu.s consisting of two stills (in the second of 
which lime was used), J. Hepworth (/. Gas Lighting, October 
1883) found the following .strengths of liquor:— 

As run into No. i still ... . 2-540 per cent. NH,. 

„ „ No. 2 still . . . 0-589 „ „ 

As taken from No. 2 still . , . o-o68 „ „ 

The difference between the two Jatter tests represents the 
“ fixed ” ammonia recovered by lime. 

According to the general experience of German gas-works, 
the fixed ammonia on an average amounts to one-fifth of the 
total ammonia. , 

In any case, all apparatus are so contrived that first the 
volatile ammonium salts are expelled by heat atone, before lime 
is added to decompose the fixed salts—at any rate, when the 
production of sulphate is aimed at. Since in all practical cases 
an excess of lime must be employed, there is always some ' 
trouble from cm^ts of calcium hydrate, and even of calcium 
salts, firmly adhering fb the bottom and sideS of the still. This 
is especially awkward in the case of.stilIs hdated by direct fire, 
and is probably the principal cause why so many sulphate 
manufacturers forego ^he recovery of the fixed ammonia; 
bht that drawback may be saifl to have been entirely overcome 
by the stills of Grune?)erg, Feldmann, P. Mallet, and other 
modern invejitions to be .described later on. 

It is generally assumed that when an ammonium salt 
(say amtflonium chloride) and calcium hydrate meet, ammonia ' 
is immediately set free and calcfUm chloridejs formed. This il. 
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contradicted by Isambert {Coinpies rend., c., p. 857), who 
argues that the reaction 

2HNp + CaO = CaCU2NH,, + H ,,0 

absorbs heat to the amount of lo-g cals.; if the lime is used 
in the caustic state, 7-55 cals, should be deducted for the 
previous formation of Ca(OH)2. Hence at “ ordinary ” tempera¬ 
tures no ammonia is set free, even in vacuo; but the compound 
CaCl2(NH,)2 is produced, in the formation of which 14 cals, 
are evolved, and which gives off its ammonia at 180° to 200". 
This is also the case with baryta and strontia, but not with lead 
oxide. > ‘ 

Without entering upon a discussion as to the validity of 
these theoretical considerations, it nivist be stated that a con¬ 
siderable amount of boiling is certainly necessary to expel all 
the ammonia from the above mixture, that this can be done 
only by prolonged treatment in the hot state, and that it is 
much better effected in dilute than in concentrated liquors. 
Usually the treatment in practical working is not continued up 
to the point where all ammonia is expelled. Cox {cf. p. 1260) 
states that at the works he managed the liquor contained 
per cent, of its total ammonia combined as fixed salt, and that'- 
by the lime treatment 5 per cent, o? this was recovered, 10 per 
cent, going to wiste; but this is decidedly far’raore than need 
be lost. At the same .meeting, Hepworth quoted his own case, 
in which, of the total ammonia, 769 per cent, was expelled by 
boiling alone, 20-5 by treatment with lime, and only 2-6 remained , 
in the waste liquor; and even this (apparent) final loss would 
probably in reality be less, as caustic soda had been employed 
for testiijg, by which some of the cyanides were decomposed. 
At most German works, also, the loss of'ammonia in'the 
waste liquors is quite insignificant. The best proof that Mr 
Cox’s figures do not,represent by far the ordinary state of the 
case is afforded by the daily practice of all ammonia-soda 
works, whose ammonia is mostly “ fixed," and which could not 
economically exist if they lost anythhig like that amount of 
NHj in their waste liquors. ’ 

Sometimes the, distillation Vith lime causes a very awkward 
frothing. This, according to the Socidtd anonyme dec produits 
chiraiques du Sud-Ouest (Ger. 18773), is caused by calcium ; 
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carbonate fn a state of suspension. It is therefore proposed 
by that firm first to drive off the volatile ammonia, and then 
slightly to acidulate the liquor before adding lime. 

Spencer and Sisson (B. P. 92,1893) slake the lime with hot 
waste-liquor from the stills, in order to economize heat, to save 
the lime present in the liquor, and to diminish its volume. 


Preparation of the Milk-of-Lhne. 

The slaking of the lime and the conversion of the slaked 
lime into a milk are generally known operations. Where it is 
to be d(Jne on a very large scale; the apparatus used for prepar¬ 
ing the very large quantities of milk-of-lime required for the 
Weldon manganese recovery process may be used. This is 
shown in Figs. 255 and 256. Two cylindrical iron tanks, I and 
K, are placed one above the other. They are generally about 
6 to 8 ft. wide, and of the same height. I serves for slaking 
the lime and preparing the milk, K for storing the latter as a 
reservoir for the pump.* A donkey-engine, a, bolted to I, drives 
the agitating-gear for both cylinders. In I there is a cage, 
formed of perforated metal plates, into which the quicklime is 
put; it occupies a segment of an annular space in the upper 
third of 1, one-third or half round its circumference; the upper 
cross-arm of the agitator is accordingly shortened. The milk-of- 
lirae runs from I tfirough tap c on to thp perforated zinc plate 
in the sieved, and from this into K., 

A steam pump, by means of which the exact quantity of 
milk-of-lime requiredTor liberating the ammonia is supplied to 
the still in small quantities and in regular intervals, ha*s been 
patented by the Berlin-Anhaltische Maschinenbau; Aktien- 
Gesftllschaft, Ger.’P. 124134. 

Hartmann (Ger. P. 164723) also describes a pump for both 
agitating and pumping the milk-of-lime foj ammonia-stills. 

C. Menzel Sbhnq (Ger. P. 165098) describe an apparatus for 
the automatic distribution of tl^ milk-of-lime on several stills in 
a given order, consisting of several chambers with taps and 
overflows. * 

Peters {J'Gasbdeuckt., xlix,*p. 163) describes arrangements 
for the automatic supply of lime-milk to ammonia-stills, and 
for preventitig losses of ammonia.from these, 
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The tnilk-of-lime should not be either too highly or too 
little concentrated. On one side, the stills ought not to be 
weighted with driving off too much water; on th& other side, 
the milk-of-lime ought not to be so thick that the pump cannot 
be properly worked. The usual strength is from 15° to 22° 
Twaddell. It is generally only estimated by the specific 
gravity of the milk-of-lime. The relation of this to the amount 
of lime present is shown by a table in Lunge’s Technical 
Chemists' Handbook, 1910, p. 157. 

The examination of the lime itself, i.e. its contents of caustic 
lime, CaO, is carried out as followsA large average sample 
is brol«n up to pieces of the fize of a bean. 70 g. of these 
are placed in an enaraeHed iron dish, containing 750 c.c. of 
water, which is heated to boiling, the flame being at once 
removed when the lime ’begins to slake. After some cooling, 
the liquid is run into a litre flask and filled up to the mark. 
Twenty c.c. of the well shaken-up liquid are taken out with a 
pipette, run into a flask, the‘pipette is washed into the same, 
and the liquid at once Jitrated with standard hydrochloric acid, 
the indicator being phenolphthareine, which produces a strong 
red colour. The cubic centimetres 8f standard acid used up to 
the first decoloration is noted; but as the red colour returns 
again, the titration is contfriued, adding each time 0-5 c.c. of 
standard acid, until the solution remains calourless for five 
minutes. Each euWe centimetre of standard acid indicates 2 
per cent, caustic lime, the acid used-up to the first decoloration 
showing the very active lime, that used up to the final change 
the total caustic lime. The quality of the lime depends upon 
its percentage of active lime, which goes back if the lime is 
kept in stock for some time. 

sTreatment of\the Qalcium Carbonate The *Badische 

Anilin-und Sodafabrik (B. P. 27962, of 1913; Fr. P. 466302) 
extract any ammonium sulphate .cS)ntained in that mud by 
filtering it through " immersion suction Alters.” 

Use of other CompSunds^for liberating the Ammonia. 

• ^ 

MagnesioM% soq}etimes*used,in lieu of lime for decomposing 
salts of ammonia; but, apart from analytical purposes, Only in 
such cases when it is intended to recover not merely^ 
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the arampnia, but also the chlorine of ammonium chloride 
—a problem belonging to the domain of the manufacture of 
soda by the ammonia process. It is, of course, an indispensable 
condition that the magnesia must be recovered, as its price 
prohibits wasting it like lime. The details of the numerous 
attempts made in this direction do not belong to the domain 
of Ammonia Manufacture, but to that of Alkali Manufacture. 
We will therefore only briefly mention a very important patent 
of Messrs Pechiney & Co. (B. P. 9927, 1885). They found 
that the decomposition of solutions of ammonium chloride by 
magnesia, even at the boiling temperature, is only complete 
when the liquor is kept in a certain state of concentration, and 
they have accordingly constructed a Still in which no steam is 
condensed, and no separation of NH^ and water takes place, 
till the decomposition has been entirely accomplished. Only 
then the usual dephlegmation comes into play. Cf. p. 1270 
as to the greater difficulty caused by magnesia in comparison 
with lime. 

D’Andria (B. P. 5762, 1888), Chatfield (B. P. 6152, 1888), 
and Naef (Ger. P. 115249) again patent the use of magnesia. 

According to the Alkali Report for 1891 (No. 28, p. 88), one 
factory employed caustic soda for expelling the fixed ammonia. 
This is a clean process, but probSbly too expensive in most 
cases. “ ® 

Cerium oxide, or the oxides or oxychlorides of other rare 
earths are employed by Whitehouse (Ger. P. 202350, of 1907) 
for obtaining free ammonia, together with chlorine or hydro¬ 
chloric acid, from ammonium chloride. When heating NH4CI 
and CeOj to 100° to 350° C., N Hj is driven off; the temperature 
is then r|iised to 450° to 500“, and steam is injected, whereupon 
HCl is formed, or^lse by means of air fsee cMorine is obtained, 
CeOCIj remaining in the latter case. One mpl. of CeOClj 
heated with 2 mols^NH^Cl, yields CeCl4 whereby the cycle of 
the reactions is established. 

• 

Mode of Heating the Stills. 

The apparatus for distilling gas-liquor differ Ri the mode dr 
heating. This may be done either by a direct fire, 0; by open'* 
.(wet) steam, or by indirect ^dry) steam'. Sometimes superT^ 
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heated steam is also employed. Expelling the ammonia by 
boiling alone, without employing the sensible and lament heat of 
the vapours evolved, consumes very much time and fuel. Hence 
in all modern apparatus this heat of the vapours is utilized for 
a preliminary heating of fresh gas-liquor and for driving out 
the volatile ammonia, and at the same time the gas is freed from 
aqueous vapour by dephlegmation. The additional first cost of 
a properly constructed apparatus is soon .repaid by a great 
saving in fuel. Many kinds of apparatus have been devised 
for this purpose, a number of which will be described in detail 
later on; their principle is similar to that employed in rectifying 
spirit-oPwine or light tar-oils. 

Which method of heating is most advantageous for distilling 
ammonia seems to be decided by the following experiments on 
a manufacturing scale made by Dr C. M. Tidy. A quantity of 
gas-liquor, amounting to 7000 gall., requires— 



Houri. 

Yifilds, as coQii>ftre<l 


with tho theory. 

When heated by open fire from without 

. 22 

90 per cent. 

„ „ indirect steam in a«coil 

. 18 

92 .. 

„ „ open (wet) steam . ^ 

• 14 

98-5 


This proves that steam directly blown into the liquor is by far 
the best agent, no doubt becguse its heat is thus most directly 
utilized, and perhaps even more because the ste|tm mechanically 
cjirries away the amiponia. 

Safety-valves. 

All stills intended for expelling ammonia without lime 
should be provided with safety-valves—a precaution not* unfre- 
quently neglected. The gas-delivery pipes easily get plugged 
up by ammonium* carbpnate, and this may Ipad to dangerous 
explosions. Seidel (in Hofmann’s Report on the Vienna Exhibi¬ 
tion, i., p. 96) and Watson Smith* (private communication) 
testify to this. This danger is avoided by fitting up the boilers 
with safety-valves. 'These ar^ indeed, nowadays compulsory, 
in German ammonia-works. 

Various Products inetde from Gas-liquor. 

These ^}ro(hicts ar? :—Concentrated Gas-liquor,.Pure Liquor 
j^ramoniaej Anhydrous Liquid Ammonia, Suljihate of Ammonia, 

4Q 
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other Ammonium Salts. We now proceed to describe tHfeir;-' 
manufacture. 

I. Manufacture of Concentrated Gas-liquor. 

This product, consumed in large quantities in the manu¬ 
facture of ammonia-soda,, is made by a simple distillation of' 
gas-liquor. It is a yellow liquid, smelling strongly of ammonia 
and sulphide of ammonium, containing 15 or 20 per cent, total 
NHy It serves also for manufacturing other ammonia salts 
which cannot be equally well prepared from raw gas-liquor, 
especially on account of the presence of cyanide andc-sulpho- 
cyanide (thiocyanate). At small gas-works this product is 
preferably made, as requiring little apparatus and no chemicals, 
Sometimes two qualities of this liquor are made, viz., either 
less highly concentrated gas-liquor, containing from 16 to 18 
per cent, total NHjand comparatively much CO.^ and HjS, or 
highly concentrated liquor, containing from 18 to 25 per cent. 
NH, and but little CO, and H^S. 

Usually no lime is employed in this operation, but then no 
product should be aimed at of a higher concentration than the 
above, to avoid obstruction of the pipes by ammonium carbonate. 
Of course the fixed ammonia can Bfe subsequently driven out by 
lime. If strongVir liquor than the above is required, lime must 
be added from the fij'st; the product will 'then contain mostly 
free ammonia and ammonmm sulphide. 

Concentrated gas-liquor, when freshly prepared, is water-, 
white or yellow, and smells of ammonia, pyridine and hydrogen 
sulphide. On being kept for some time, the, colour becomes 
much darker. It is bought mostly by chemical and manure 
factories which wprk it up into other ammonium salts. r 
An apparatus for producing moderately concentrated gas- 
liquor, which is specially intended for use at small gas-works or 
tar-works, as it is cheap in respect of first cost and requires 
hardly any oversight, is supplied by Carl Francke, of Bremen. 

It contains a still, holding about 400 litres, separated by an 
internal horizontal diaphragm into an upper and a lower half,'; 
communicating by a central 'pipe." The ■,uppe^ part has an^ 
outlet pipe for the vapours; the lower part is surrounded by,, 
«an iron jacket, in which a fireplace for burning coke is arranged,;. 
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The upper part acts like a reflux cooler; the final’ cooling and 
condensation of the liquor takes place in an outside, water- 
cooled worm. This apparatus works with interrupted opera¬ 
tions, and furnishes a liquor containing lo to 12 per cent. NHj, 
which is not sufficient for carriage to long distances. 

For higher concentrations of ammonia, continuously working 
column-apparatus must be used, which are supplied in various 
forms by the engineering firms working in that direction. All 
of these are on the principle of the counter-current between the 
ammoniacal liquor running in one direction, and steam flowing 
the opposite way. Such apparatus have been at work for a 
long tiAe, in the first instance “for the manufacture of alcohol, 
and later on for the rectification of light tar-oils. We have 
described them in the first part of this treatise, for obtaining 
benzol from coke-oven gases, etc. (pp. 71 et seqi). 

C. Still (B. P. 28072, 1912) extracts the ammonia from, 
distillation-gas by cooling the gas by means of cooled liquor 
and then re-heating it by means of the liquor, which has become 
heated; the gases are then sujpjected to a further cooling 
between the cooling-apparatus and the re-heating apparatus. 
According to his B. P. 28245, of 19*3, part of the cooled gas 
issuing from the saturator is passed back to the main gas 
current between the first Cooler and the reheater, and this 
additional gas is* first heated by hot crude gaS and pre-heated 
by the hot gas issuifig from the separatoi; 

We shall now describe some of .the best apparatus for this 
purpose. 

Solvay's Apparatus (Fig. 258) 

is specially intended to obtain concentrated crude liquor for 
amihonia-soda wdrks, up to a strength of i^° per cent. NHj. 
It consists of a still. A, divided by partitions C into a number of 
compartments. Each compartment contains a tank, E, con¬ 
nected with the ne:!ft compartment at the bottom by a pipe. 
In the upper part of each* compartment is fitted a pipe, T, which 
fs enlarged below and catries the vapours into the liquid of the 
next tank. The fireplace^ is at D. The ammoniacal liquor 
comes from tffe stoft-tank K, add goes first into a small vessel, 
"G, in ordar that the feed may be regulated by means of the 
valve attached to the lever R and the float X. and enters the* 
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still through the pipe M. Suppose this to be filled equally up to 
' the level 0 . When vapours are evolved by heating the liquor, 
e.g,, in they escape by T and force a certain quantity of the 
liquid into the annular space between T and E*, and over the 
edge of and B*. Thus a certain quantity of gas-liquor is 
carried from B* to B® by means of the vapour evolved in the 
compartment B^; in the same way the liquid travels from B'* 
to B® by means of the vapours evolved Inhere; eventually it 
arrives in B^®, and leaves that compartment by the pipe U. 
The progress of the liquid principally depends upon the pro¬ 
portion between the diameter of the dipping-pipes T and the 
vessels •E. The vapours arriving in the last chamber B are 
'• carried by the pipe V into a worm, J, cooled by ammoniacal 
liquor, and afterwards through a washing-tank, Q, into the 
absorbing apparatus. The float X regulates the flow of liquor 
■ into the still; it descends as the liquid within the condenser is 
heated by the evolved vapours, and allows a larger quantity 
of liquor to enter through the valve S if the distillation goes 
on more quickly. When the firing is interrupted, no vapours 
are given off, the liquor ceases to pass from one compartment 
into another, and the level of the liquid rises; at the same time 
the float rises, and the valve S ultimately shuts off the feed of 
liquor entirely. According to Hanrez, the dimensions of the 
apparatus hitherto constructed are sufficient f&r concentrating, 
every twenty-four Sours, 12, 24, or 48 ejam. (say tons) of gas- 
liquor of 2° or ‘3° Baum6 to the above Strength, with a 
consumption of 27 to 36 kg. of fuel per cubic metre. The hot 
water running away from U can be utilized for a preliminary 
heating of cold gas-liquor. 


Gruneber^s Apparatus for Direct Firing. 

* • 

H, Griineberg’s older apparatus (Ger., P. 35, of 1877) has 
' been superseded by ^ different form (Ger. Ps. 5255 and 9392), 
which alone we shall flescrihe here. One of its principal 
Advantages is that it prevents the lime from forming hard 
“trusts on the heating-surfacd of the stills, and -removes the 
. lime residue v^thouf any loss of time. Figs. 259 and 260 are 
■ partly elections, partly sections. An upright cylindrical still, 
heated from the fireplace w- by flues surrounding it, has ■ 
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within it a vertical cylindrical tube, the bottom of which, 
extending below the bottom of the boiler, beyond its heating- 
zone, is closed and furnished with a blow-off cock, r, and a 
perforated screen. The upper end of this tube, reaching nearly 



Fic. 159. 

to the top of the boiler, is oJJen to the vapour-space in the 
boiler," Above the boiler is the .vessel C, charged with milfc-»,^ 
of-lime from' the tank G by. e, and above thi| a rectifying- 
columh, B, of the kind often employed fn spirit-stills. The 
pipes F F extend from the top of A into the Hme-vfsae^ 
having near its bcittom nnmetbus small perforations. By these 
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pipes the vapours generated in the still are conveyed into the ' 
milk-of-lim^, and keep this continuously agitated^ they then 
pass through the successive compartments of the column B. 
Thi# column is supplied by the pipe L with gas-liquor, which 
descends from one compartment to another, while the vapours 
ascending from A through C are intimately mixed with it. 



Fig. 260. 


Thus the descending gas-liquor is gradually heated and deprived 
of its volatile ingredients, whilst the ascending vapours are 
partly condensed and *mix with the descending liquid; the 
uncondensed gases, alohg with those liberated from the liquid 
• in B, pass away through ^th*e pipe K. From the bottom of B 
the liquid, still cdhtaining thfe non-volatile ammonium salts, 
flows through an opening into the lime-vessel C and is mixed 
with its contents, the vapours from F F producing a continuous 
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agitation. Here the ammonium salts are decomposed, and part 
of the ammonia passes along through B into K. The liquid^ 
-Still containing ammonia, passes, by the overflow-pipes F, to the 
bottom of the boiler-tube, which is removed from the direct 
action of the fire, .so that there is no danger of the lime becom¬ 
ing attached to the surface of the tube, neither can the material 
of the tube, or that of the'lime-vessel, be injured by over¬ 
heating. 

From the bottom of the tube the liquid rises through the 
perforated plate, flows over into the outer boiler A, and is there 
heated; the gases and vapours evolved are conveyed by F F 
into C, as above mentioned. Ftom the bottom of A thS liquid, 
now entirely deprived of ammonia, overflows into a deep vessel, 
J, the contents of which operate as a hydraulic seal, and from 
this through N to a drain. All this proceeds continuously—iht 
feeding with gas-liquor by L, the overflowing of the spent liquor 
by N, and the escape of the ammoniacal vapours at K. 

The apparatus Fig. 259 serves'for producing a concentrated 
solution of ammonium carbonate and .sulphide, e.g., for the 
ammoniacal-soda process. '"The vapours rise through the 
cooling-pipe 0 into a wofm in the vessel D, where they are 
condensed to the condition of (impure) liquor ammoniac. This 
flows into a vessel, E, whilst the unCondensed vapours and gas 
pass into a vessel, H, whose contents form a hydraulic seal. 
The gas not condensed here escapes through P. The vessel 
D is closed; and the worm,within is cooled by raw gas-liquor 
supplied from the reservoir V by the funnel-pipe X; after 
getting heated here, it passes through L into the column B. 
The cobling-pipe 0 acts as a regulator of the concentration. 
The more cold water is supplied to its casing by the pipe R, 
the greater is the,, condensation of aqueous ^pour in 0,'the 
condensed water flowing back into B, and the more concentrated 
is the residual fluid wjiich passes to the worm in D. Thus the 
degree of concentration of the liquid ammonia can be r^ulated 
at will. 

If it were intended to make commercial liquor ammoniae, the 
vapours issuing from the column' i/^ould have to be passed 
through a number of vessels filled wil 5 i railk.>of-iimfe in order to 
retain COj and HjS, and finally into a cooled absorbing vessel ’ 
, The worm D in Fig. 259, which is sometimes stopped up by 
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aystalHzations of aranlonium carbonate, was later on replaced 
by a cooler, acting both inside and outside, as shown in Fig. 260. 
L is an annular iron vessel, fixed in the outer cylinder M. The 
ammoniacal vapours enter at 0, condense in L, and the con- 
densing-liquor runs off at/ into a hydraulic seal, whence it runs 
over at q into the vessels intended to carry it away. The 
cooling-water enters at the bottom of the vessel, runs over the 
annular cooler L, and is carried off from this by another tube. 


Grimeberg and Blum's Steam-still. 

Thi» apparatus (Ger. P. 33320, of the Berlin-Anhaltische 
Maschinenbau-Ak.-Ges.) ‘contains a cylindrical iron vessel, 
forming a reflux-cooler, the upper part being kept full of water, 
the lower part containing gas-liquor. The ammonia vapours, 
partly cooled here, are completely condensed by means of an 
iron worm as concentrated gas-liquor, and collected in a 
receiver. For each 100 kg. ioncentrated gas-liquor of 17 per 
cent. NH3, 2-3 tons copling-water of 13° C. is required. This 
still has also been superseded by more modern constructions. 
So has also Ger. P. 64367, both of them shown in our former 
editions. 

The Apparatus of the Berlin-Anhaltiscke Maschinetiban- 
’ Aktien-Gesellschaft}^ 

This firm supplies apparatus «f their o’wn construction 
for all the branches of the manufacture of .ammoniacal 
compounds. 

Fig. 261 shows their still for crude ammoniacal liquor. 

It consists of a number of cells, combined to a column, each 
ceHheing provided witli steam pipes, covered* by dishes nicked 
at the bottom, and with an overflow for the liquor; also with a 
cleaning-hole. They are accessible in all their parts, so that the 
apparatus can be cleaned out without dismantling it.. The pre¬ 
heated ammoniacal liquor ente» into the top cell, the fresh steam 
at the bottom, so that it‘is compelled by the dishes to bubble 
through the liquor. The .crude liquor is gradually heated to 
% , • • ... * 

This long title is practically abridged, by combining tho initials, to the 

^de-mark* Bamag,” used for all the apparatus of this factory, which are 
'Elected by numerous patents. 



1362 ‘ THE tVORKING-UP OF AMMONIACAL LIQUOB 

boiling, and yields its volatile ammonia, together with other 
gases, to the steam in the upper half of the column. In a special 
larger cell, visible about midway down the column, a more 
Vivid motion is produced by means of the dishes dipping lower 
down in the liquor; here the milk-of-lime, required for liberating 



the combined ammonia, is introduced in slight excess and 
mixed with the liquor. The aAimonia, thus set free, is driven 
out by further boiling in the lower Half of the column. The 
spent liquor,'which contains but apos per cent. NH„ leaves 
the apparatus by an automatically regulafed outlet-valve, an^i 
can be usefully employed for pre-heating fresh liqtior, as its 
temperature is a^ut ipo° C. The outlet-valve consists 
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a movable float of lead-coated sheet-iron, carrying the valve- 
cone on an iron rod. The float is placed in a cast-iron box, 
and is under the same steam-pressure as the lower part of the 
column, so that the depth of water at which the valve opens 
always remains the same. The steam-inlet pipe bears a 
pressure-gauge, a steam-inlet valve, and a safety-valve. The 
steam-pressure during the work is only 
from 01 to 0-3 atmospheres; the safety- 
valve blows off at 0-4 to 0-5 atmospheres. 

The pre-heating of the crude liquor 
takes place in tubular apparatus. Fig. 262, 
in whicfi the hot-spent lit^uor descends in 
the tubes, while the crude liquor rises 
around them, and leaves .the apparatus at 
a temperature of 70° to 80° C. 

Fig. 263 shows the regulator for supply¬ 
ing the crude-liquor to the cplumn. The 
supply is kept uniform by a regulator, 
and is measured by a tumbling.box, the 
movements of which are transferred to 
an index, showing the consumption of 
liquor in litres on a disk, ^or larger-sized 
apparatus the liquor is measured in a 
cast-iron piston-mqjer. 

Very small columns may be fed by»a 
hand-pump, but columns of any larger size 
require a steam-purnp. The milk-of-lime 
may also be introduced in several places, 
if desired. The pumps require no attend¬ 
ance except oiling and regulating at the 
outset. ' * 

An apparatus of the “Bamag” for 
producing toncentrated ammoniacal liquor\s shown in Fig. 265. 
-Here A denotes a column-still, like that shown in Fig. 261. 
But since the mixture’of sSeam, ammonia, carbon dioxide, 
and hydrogen sulphide, which issues at the top, must be 
deprived of steam to a suflicient extent before" being allowed 
to condense again. It is made to pass through the reflux-cooler, 
B, which^s shown on a larger scale in Fig. 266, in which the 
-vapours are partially condensed* and^enougji water is removed 
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from them to furnish a sufficiently strong^ liquor when being 
completely cooled in the cell-cooler C. As the water con* 
densed in B contains some NHj, it goes back into column A. 

In case of liquors, testing above 15 to 18 per cent. NH,, the 
carbon dioxide causes trouble, as the ammonium carbonate is 
then separated in the shape of solid cakes which frequently stop= 
up the coolers and tanks, and require stoppages and cleaning 



operations, leading to much loss of ammonia. To prevent this, 
a special appar^us is, interposed for the purpose' ^ removing 
the carbon dioxide. Up to 15 or 18 per cent. NH,, this 
apparatus is not necessary, but sijch ’ pljint is only sufficient for 
small works. For properly concentrated liquor, testing from 2Z 
to 26 per cent, NHg, the COj must be removed from the vapours 
by means of lime. The apparatus for' this purpose, shown at t) 
in Fig. 265, is shown on a larger scale in Fig. 267. Jhis 

contains lead-coated plqtes, placed round a central-tubes. 
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ililk-of-lime is pumped in by pump E (Fig. 265) and runs over 
he plates, being constantly stirred up and carried upwards 
igain by the gases and vapours passing through the apparatus. 



, Fio.’ J65. 


The strong agitation of the liquid prevents the deposition of 
large amountS of calcium carboiTate. The used-up milk-of-lime 
funs autoaaatically back into the still A, where the NHj which 
has taken up is recovered. 
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The cell-cooler, shown in Fig. 265, is shown on a larger 
scale in Fig. 268, It consists of a number of ammonia- 
cells, a, provided with dipping sides, and cooling-cells, k, inter- 



Fio. 266. ^ Fig. 267. , 

posed between the ammonia-cellsr Each cooling-cell at its top 
cools the water condensed in* the'next higher’ammonia-cell, 
and at its bottom, the vapours jn the next lower amDionia-cell; 
.The gases and the condensed .liquor descend in the apparatus; 
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:he cooling-water taking the opposite direction. At the bottom 
the concentrated liquor flows into a tank-wagon or other 
portable vessel. 

The " Bamag ” also builds plant for manufacturing concen¬ 



trated gas-liquor even m smaU gas-works; also apparatus in 
which the COj is driven „out by heat, founded on the principle 
that'on heating the gas-liquor.-to 90° or 92° C., abqut one-half of 
:he COj and one-quarter of'the H^S are given off with very little 
NHj. Tlys heating is effected by the waste heat with which 
the liquor and the am'monia vapours leave the still,thus causing* 
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a great saving of steam, lime, and labour. The details, of this ^ 
process are not given in their publications.' 

According to their Ger. Ps. 204858 and 208254, of 1909, they 
place the ammonia-still in flues, constructed in the chimney 
serving for the gas-generating apparatus, especially in cases 
where there is only one chimney for all of them. ThiSj 
allows small gas-works to w6rk up their liquor without costly, 
apparatus. 

Recent Patents of the Bauuig.~T\^t Berlin - Anhaltische 
Maschinenbau-Aktien-Gesellschaft (Ger. P. 269658) drive off 
part of the ammonia by the waste heat of the gas-retorts, and 
the remainder of the volatile ammonium compounds by ttronger 
heating of the gas-liquor in another vessel. The liquor running 
away from the latter gives up its heat to an acid-bath and is 
then run into the water-vessels below the fire-grate of the gas- 
retorts, in order to be evaporated. Another patent (Ger. P, 
272985) states that the stronger heating of the gas-liquor, for 
the purpose of completely driving off the volatile compounds, 
takes place in a second or further still, heated by the waste 
heat, of the retort-oven. The Fr. P. is No. 470117 ; the B. P. 
4242 of 1914. 

Other apparatus for the manufacture of concentrated 
ammoniacal liquor is supplied by Julius Pintsch, Aktien-Gesell- 
schaft, Berlin. • 

The Bergwerksgespllschaft Trier, at Hathm (Ger. P. 286606), 
employ for the beating of the liquor a vessel made of quartz, 
which is not acted upon by the liquor, like copper or lead vessels, 

The manufacture of concentrated ammoniacal gas-liquor is 
described in detail by Hilgenstock, in /. Gasbeleucht., 1915, 
pp. 115 et seq., without any new matter. 

The Apparatus employed in Ammonia-Soda Works 

is not described here, but reference is made' to the author’s. 
Sulphuric Acid and Alkali, vol. iii., .where full details are given 
respecting its use in alkali-workk 

Special Processes for treating Ammoniacal 'Liquor.. 

Bonneau and Hasenfratz (Fr. P. 4^8535 and 'additions; 
•/. Soc. Chem. Ind.,i<)\4, p. 962, and 1915, p. 283) distil the gas- 
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liquor and extract the sulphur from the residue by a volatile 
solvent, preferably trichloroethylene, in an apparatus described 
in Bonneau’s Fr. P. 457905. The resulting solution o( ammonium 
salts is distilled with lime, an’d then treated with lime and 
water, whereby Prussian blue is converted into soluble calcium 
ferrocyanide. Potassium chloride is added to the ferrocyanide 
solution to precipitate the double’ ferrocyanide of calcium and 
potassium, and this is converted by sodium carbonate into 
potassium-sodium ferrocyanide which is treated with a ferric 
salt to obtain pure Prussian blue. 

Chur (Ger. P. 277379) brings the gases from dry distillation, 
cooled and freed from tar, into t*ontact with warm concentrated 
aramoniacal liquor so theft before flowing to the separator it 
is enriched with ammonia and warmed. In order to produce 
the warm concentrated ammoniacal liquor, the gas-water is 
passed through a boiler provided with a reflux condenser and 
an apparatus to drive off the ammonia, which is returned to 
the boiler and then is passed into a vessel the contents of which 
are in continuous circulation withjthe distillation gases. 

Fillunger (Ger. P. 209847; Austr. P. 27071) distils the gas- 
liquor without lime; the residual liquor, after cooling, is again 
passed through the gas-washers and the stills, and, this is 
continued for a long time,* so that the formation of large 
quantities of waste liquor is avoided. • 

Kremer (Ger. P? 157980) injects hoi; air into the still, in 
order to break up the drops of Ijquor and‘to enlarge the 
heating-surface. 

Carr (B. P. 16978,* 1898) employs a number of pipes, one 
above the other, and superheats the vapours, in order to 
convert the cyanides into ammonia. 

Carpenter (B. P^ 22548, 1906) describes sqjne modfAcations 
of the ammonia stills. So does Unger (/. Gas Lighting, 
cxxxii., p. 144;/. Soc. Chem. Ind., I 9 I 5 ,V 1079). 

Conthding^ Remarks. 

The prevention of nuhance during these operations will be 
described in connection with tR'e apparatus for the*manufacture 
of sulphate. 

The testing oi concentrated gas-liquor is effected in the same 
way as that of crude liquor, supra, pp. 1266 et seq. Sometimes • 

' ' 4 R 
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it is performed by simply boiling the liquor, diluted with ten 
times its bqlk of water, with an excess of standard acid and 
re-titrating with standard soda. 

II, Manufacture of Pure Liquor Ammonle. 

This is the most difficult, but the most remunerative way of 
dealing with gas-liquor, and is practised on a very large scale, 
the demand for this article for cold-producing machines being 
very great. 

Liquor ammonis is a more or less pure and concentrated 
solution of caustic ammonia in water. Beside ammonia it 
frequently contains compound'organic bases and othSr tarry 
products, which impart to it a disagreeable smell, and sometimes 
also a yellow or brownish colour. This yellow (amber) colour 
is often not present in the freshly prepared liquor, but is_ 
developed from the empyreumatic substances in course of 
time, especially under the influence of sunlight. The liquor 
ammonias derived from sewage, directly or indirectly, contains 
hardly any of these impurities, while tffiat derived from gas- 
liquor is sometimes very njuch contaminated by them. 

Formerly liquor ammonise was prepared by distilling sal- 
ammoniac with slaked lime; and^for analytical purposes this 
is still sometimes done, but even then only exceptionally, since 
the ammonium sulphate is very much cheaper than the chloride. 
When employing sulphate, it is usual to carry.on the operation 
in a cast-iron Hill proviefcd with an agitator, to prevent a 
crust of calcium sulphate from impeding the further reaction of 
the linje upon the ammonium salt. Even from sulphate vety 
' little caustic ammonia is now made, since it is easy to make it 
directly from gas-liquor, by one or two distillations. 

When making liquor ammonise directly'■from gas-liqubr or 
any other ammoniacal liquor containing principally ammonium 
carbonate and sulphi^ie, sufficient Ume must be added from the 
outset to retain the carbon dioxide and hydrogen sulphide, 
According to Francke, the resultsj obtained in a number of works 
have shown that in the manufacture bf liquor ammoniac from 
three to thre'e and a half times as much lime must be used as 
is required for the manufacture'of ammonium sulfate. 

The consumption of steam for the manufacture of liquor 
‘ ammonise is also ^greater thati that required for concentrated 
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ammoniacal liquor or ammonium sulphate, because part of the 
steam is required for preparing distilled water fot* the absorp¬ 
tion of the ammonia. For this purpose a cooler and a 
collecting-tank for distilled water must be placed at such a 
height that the water can be run straight into the absorbing- 
vessels. 

Before the absorption, the ammonia gas must be purified 
as much as possible from steam, and from carbon dioxide, 
hydrogen sulphide, organic bases and empyrcumatic substances. 
Most of the steam is retained by the reflux-cooler; that quantity 
of steam which corresponds to the tension of aqueous vapour 
at the t?mperaturc of thecas le'aving that cooler is retained, if 
necessary, by other means, c.g., a column filled with caustic 
lime, etc. . 


Rcimmxl of Hydrogen Sulphide and Carbon 
Dioxide without Lime. 

A number of processes for obtaining pure ammonia is based 
on the fact that on heating crude gas-liquor to about 90° or 
95° C., the CO,, and H^S split off from the NH» and escape, 
while the NHj remains behind in the liquor and can be driven 
ouUater on by raising the temperature. We ^all describe the 
more important of ^lese processes, having touched upon some 
of them supra., pp. 1358 r/ scq. ^ 

Pfeiffer (/. Gasbckucht., 1900, p.*89) points,out that in the 
manufacture of liquo/ ammonia; the previously heated gas- 
liquor usually contains two-thirds of the ammonia in the free 
state, which can be driven off without lime. During the heating 
up to 100°, mostly HjS .and CO.^ escape, with a little NH3; 
these gases are p&ssed* through crude gas-l!quor, in order to 
retain the NH^ The quantity of lime necessary for driving off 
^the fixed ammonia is previously ascertained by the method 
indicated below; bufrin qrder to be on the safe' side, about 30 
to 50 per cent, more lime is slalfed to cream and is pumped into 
^the gas-liquor, heated as aboy^, after which the distillation is 
carried on wi|h open steam. J'he ammonia-gas, containing 
aqueous vapour together with a little HjS, CO^, and empyreuraa, 
has to pas?three milk-of-lime washers, a reflux-cooler, and four. 
charcoal-filters, and is then absorbed .in distilled water. The , 
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distillation of 3 tons liquor requires eight hours (the heating up 
to 100" another two hours). The residue in the still contains 
only 0 03 per cent. N Hj, which it does not pay to recover. The 
finished liquor ammonia: never contains any sulphide, even 
when only the theoretical quantity of lime has been employed, 
and any such contamination cjin be wholly avoided by interpos¬ 
ing (as has been done at the Magdeburg gas-works) between 
the last charcoal-filter and the absorber a caustic soda washer, 
charged with a 10 per cent, solution of caustic soda. This 
consists of a cylinder of ,' 5 „-in. sheet-iron, 2 ft. 8 in. wide, 
2 ft. 3 in. high, with an inside bell, 2 ft. 6 in. high, I ft. 10 in. 
wide, perforated in its lower i)6rtion (up to 12 in. higfn) by a 
number of ^-in. holes. The gases pass up the centre, escape 
through the holes under very slight pressure into the outer 
space, and away from this to the absorber. The sucking-back 
of liquid from the latter is prevented by an open water gauge- 
pipe attached to the washer, about 10 feet high. One filling of 
this apparatus lasts many months, as it is used only in cases of 
accident, which are thereby rendered harmless. It also dispenses 
with the necessity of renewing the lime in the “ hot washers,” 
which consequently act only as water-separators. 

The whole of the apparatus oq Pfeiffer's system employed 
at the Magdeburg gas-works is described in /. Gasbeleucht., 1^3, 
pp. I et seq., and in /. Soc. Ckem. hid., 1903, p. 142. 

Pfeiffer’s method for ascertaining the quantity of lime 
required for distillation siifiply consists in boiling in an open 
flask 25 or 50 c.c. of raw (or 100 c.c. of previously heated) gas- 
liquor .with 20 C.C. of a milk-of-lime containing 2.8 g. CaO, 
after diluting to 2C» c.c., until all the ammonia is expelled 
(which takes half or three-quarters of an hoqr after the liquid 
has been got up td ebullition), cooling ddwn the residue, dildting 
with water, and titrating .back with normal hydrochloric acid 
and phenolphthalein. Each cubic centimetre of the acid^ 
0028 g. CaO; by deducting the CaO ^till found in the residue, 
the quantity consumed during the reaction is ascertained. 

Solvay & Co. (Ger. P. 495qo) remove COj and HjS by 
means of a column S (Fig. 269^), composed^of chambers h .to b^, 
each of which contains a worm connected outside by the joints 
w to itij. Each chamber communicates with the next above by 
necks to d^, covered by, hoods to and with the next below. 
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by overflows to /j. The vapours from still A pass through 
column S into the conden.ser C, the liquid from fhis running 
through s into X. C also consists of a number of chambers, 
connected by overflows, a worm / passing right through. From 
the bends w to ry,, reflux-pipes carry the condensed liquid to a 
collecting-pipe, u, and from this through v back into the still. 
The worm f is at the bottom connected by pipe n with the gas- 
liquor tank M. The liquor, heated up in .the worm t to about 



Fig. 269. 


40'' C., passes'through 0 into waShei» W, vhere it takes all the 
NHj out of the vapours escaping from through w, but allows 
all the CO2 and H,? to ascape through r«i. 

Through the descenciing pipe p the liquor runs from washer 
W into chamber 6 ^ of the separator, is heated by a steam-coil, 
passes through overflow/^land 4. and thus gradually through 
f, s, and V into still A, getting constantly hotter on its way. COj 
and HjS are already’given off in and'&4, and more so in b^, 

and A, where some ammonia is also set free; which, however, is, 

* • 
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fetained in the upper, cooler chambers, whilst CO^ and H^S 
escape in the gaseous form. When escaping at vt .they contaiii 
but little NHj, which is retained in W, and in case of need 
subsequently by a sulphuric-acid washer. The chambers b are 
made of cast-iron, the steam-coils of lead. This apparatus can 



• I 

be employed for making concentrated gas-liquor or else liquor 
ammoniae (but the latter^ certainly not of pure quality!). 

Feldmann (B. P. 10501, of^Sqy) also removes CO^ and HS^ 
without the employment of li^qie. 

The apparatus of the firm, Julius Pintsch Aktie'n-Gesellschaft, 
of Berlin, is described in Ger! P. 178030. Figs. 270 to 272 
show theft apparatus. The lower part of it is a heating- 
^chamber, of which Fig. 271 gives ^ horijontal section; the" 
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upper part is the ammonia-catcher, of which Fig. 272 gives the 
horizontal section (this is just like their ammonia column-still). 
In the heating-chamber we see the steam entering at D and 
passing through a worm, the condensed water issuing at E. 



Fig. 


The crude gas-liquor runs from 'the .store-tank through the 
ordinary regulat'ing-apparatus into the top chamber of the 
ammonia-catcher, descends through it 'from chamber to 
chamber, and ultimately nqMy to the bottom of the heater, 
where it is by means of the steam-worm heated up to about 
90° C. Here most of the COj and H.jS,'wilh traces of NHj, 
gare driven off, and rise upwards through the crude liquor 
flowing downwards. The NH3 is. retained here, the COj 
and HjS* escape ,through C. The ifqjjor, (ifeprived of tkese 
gases, runs out through B, and is taken to the ammonia still. 
This apparatus can bd also'combined with a preheater, utilizing 
the hot waste liquor of the still for heating up the raw liquor 
•before entering into the heating-phamber. 

r 

Purification of the Ammonia'Xjas from Empyreumatic 
[tarry) Substances. ' ' 

When white and pure caustic ammonia is required, the 
fcmpyreumatic sub,stance? must be absorbed in a suitable 
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manner or destroyed. The most usual way of doing this is 
filtering the vapours through recently igtiited wood-chareoal. In 
many cases the vapours are also passed through a fatty oil, 
which retains the tarry substances, and can be again partially 
freed from them by heating. The charcoal absorbs considerable 
quantities of ammonia {in maxinio 800 times its volume) which 
should not be lost, but can be completely recovered by blowing 
out with steam. For this purpose Francke provides the charcoal 
filters on one side with a steam-pipe, on tHe other side with a 
gas-pipe dipping into the crude-liquor tank where the volatilized 
ammonia is absorbed. After being steamed, the charcoal is 
re-activifted by heating in a retort. These various apparatus 
must be provided in duplfcate, so that one of them can be put 
out of function for cleaning. Pfeiffer in one case obtained on 
steaming the filter 268 kg^ in another case 340 kg., liquor 
am monte of 25 per cent. NHj. 

Watson Smith (private communication) advises in any case, 
even when liquor ammoniac is the principal product, to make 
along with it a little sulphate, because the gas which first and 
somewhat tempestuously e.scapes in the distillation carries along 
with it .some tarry matters, and hence is best not employed 
for making liquor ammonia:. This procedure cannot be carried 
out in the continuously acting apparatus to be de.scribed 
below; but eveh then mostly only crude strtsng ammoniacal 
liquor is at first obtained, from whic]? liquor ammonia; is 
prepared by di.stilling into pure water. In order to carry off 
separately the first evolved portion of amrtoniacal gas, the 
gas-delivery pipe ot* the ammonia-still is provided with two 
branches, each of which is shut off by a stopcock, or by a short 
piece of 2-in. indiarubbp pipe with a screw-clamp^ so as to 
dirdtt the vapours either into the ordinary, .saturating vessel 
filled with sulphuric acid, or into, a worm for condensing crude 
liquor ammonise. The latter is collectefi in large iron tanks, 
from which the vapours pass first through a barrel half-filled 
with water, or preferalJly, to» avoid pressure, through a lead 
worm, serving as a reflux condenser, in which the vapours 
ascend and are met by watef* trickling down from a funnel, to 
condense the’last traces of amnionia. (No doubt a small coke- 
scrubber fed with wajter, or preferably with sulphuric acid, would 
act even more thoroughly.) 
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Apparatus for the Manufacture of Pure Liquor Ammonice. 

For this purpose both ordinary stills for interrupted work 
and column apparatus for cojitinuous manufacture are employed.. 
Where the pure liquor is manufactured at the gas-works from 
their own crude liquor, the ordinary stills are frequently 
preferred, but for the manufacture of pure liquor ammonia: on 
a large scale it is usual to employ continuously working 
apparatus, comprising stills of various descriptions, reflux- 
coolers for condensing most of the steam evolved together with 
the ammonia, the retention of carbon dioxide’and hydrogen 
sulphide being effected either bj' applying the requisite*amount 
of lime in the stills, or by dissociation columns, followed by 
washing with lime; then treating theory gas with caustic-soda 
solution, charcoal, and paraflSn oil, and ultimately absorbing 
the purified gas by water. There is a very great variety of 
apparatus in use for this objcc{, but the principle is always 
, the same, and we may confine ourselves to selecting a few of 
them for de.scription in this place. • 

A very simple apparatus, which was in operation at a 
Manchester works some years ago, is shown in Fig. 273. The 
liquor is put into a circular stilj, a, 8 ft. long and 4 ft in 
diameter, heated by a fire which is kept away from, the bottom 
of the still by an'arch, and only circulates ropncl the sides. For 
every charge of 600 gall., containing to 4 per cent ammonia, 
2 cwt of quicklinfe, previou^y slaked to a thick paste, is added 
and a strong fire is made. The gases escape through a 2.-in. 
pipe into a lead worm, b (cooled outside by water), in which the 
• aqueous vapour is condensed and flows back. In the descending 
branch e q little water is condensed an^ collect^ in the carboys ti. 
The nearly dry gas is treated in the pifrifiei* e (6 ft long *and 
4j ft wide) with slaked limei, to remove hydrogen sulphide, 
tar, etc. The top of the purifier is luted with lime-putty and 
is screwed down tightly; its contents must»be renewed two or 
three times a month. From this the gas passes in a i-in. pipe 
through a small washing-arrangeipent,/, and then, by means of 
indiarubber joints provided with screw-clamps, at ^ill into one 
of the three absorbers,^. A, /,‘made of iron lined with lead, 
3| ft square and 3 ft, high, and provided with gau|e-glasses, 
These vessels are charged, with* pure water; the gas issues into 
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them from perforated rings of lead tubing lying at the bottom. 
These vessels are connected by gas-pipes; they also have an 
air-vent each, but of course this is only opened in the last one 
of the series. The contents of g, h, i are cooled by water, 
which, coming from the tank k, is passed through all the 
absorbers by means of worms. After the liquor has become 
sufficiently strong, it is drawn off by taps into carboys, ready 
for sale. It should be clear, free from any greasy matter, and 
of sp. gr. 0-905, or at most 0-914. No traces of sulphides, 
indicated by lead acetate or sodium nitrocyanide, should be 
present (This description may serve to show how an apparatus 
can be constructed in a cheap and simple manner; but*it lacks 
some of the qualities of more modern* appliances.) 

Apparatus of Elvers and Pack—Y\g. 274 is a sketch of this 
" two-boiler ’’ apparatus for making liquor ammonia; direct from 
gas-liquor. We have not reproduced the original sketch, which 
is somewhat difficult to understand, but placed the parts 
separately alongside each other, to make the principle clearer. 
For the same reason all supports, carrying-walls, etc, are left 
out. A and A' are cylindrical iron boilers. A' being placed 
sideways and above A, which alone is directly heated by the 
fire. A is surmounted by a dome, to which is attached an 
air-valve v, for avoiding a collapse of the still by the atmospheric 
pressure on coollbg, and the gas-delivery pipe k The latter is 
carried first up, then, down, and enters A' near the bottom, 
continuing into’a pipe running all along the bottom and 
perforated with many holes, through which the vapours from 
A get into A'. The liquid in A' can be run into A by means of 
* the wide pipe and valve ?«, which can be cleaned from deposit 
by means^of a suitable contrivance, "^he vapours arising in A' 
first ascend in (^,,then descend into the vessel B to wfthin 
12 in. of its bottom; the liquid condensed in B,runs through , 
/ into A' below the level’of the liquid there. From B the 
vapours pass into the worm C, and through e into the closed 
box D. From this the condensed liquid can be run back into A' 
by the tap s and the pipe p. D is provided with a safety- 
tube, </, and a*pipe,«, for taking away the uncondensed gases. 
These, now freed from most of The moisture, pass into the four 
cast-iron pipes E E' E" E'", connected alternately dl top and 
■bottom by the pipfs ff f; they are open at both ends, and 
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travels thtough f" and g into the leaden absorbing-vessel G, 
placed in a cold-water tank F; 4 iere also a^ safety-pipe, h, and 
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a discharge-pipe, t, are provided. The residual gas escapes 
through i into a small absorbing-vessel, H, with safety-pipe 
J; and k carries the incondensable gases into the outer air. 

First the still A' is charged by the pipe q with about looo 
litres of gas-liquor, contained in a higher store-tank; and this 
is at once mixed with a sufficient quantity of lime through a 
.special aperture. The valve m is opened; the condensers C 
and F are charged with cold water, the pipes E E' E" E'" with 
freshly ignited woo'd-charcoal in pieces the size of a walnut, and 
the covers are screwed down. G is charged with 6o to 65 litres 
of water, H with \ litre. When the liqour mixed with lime has 
run from A' through m into*A, m is closed and tlTe fire is 
lighted. The fire-gases travel alodg one side of the boiler, 
return along the other, and then go to the chimney. When the 
contents of A begin to boil, first the air is expelled and passes, 
in bubbles through the water in G and H; A' and the pipes 
are filled with vapours and become heated. Gas-liquor is now 
tun through q into A'; by the cooling thus produced,the liquor 
in D is sucked back into A' tlyough c and b, and air enters at d. 
When 1000 litres of gas-liguor nave run into A', milk-of-lime is 
again added and well mixed, whereupon the fire is started 
again. The ammoniacal vapours from A escape through a into 
the liquid in A', traverse this from the many small holes in the 
pipes, and give oHf part of their ammonia to it. A portion of 
the steam is condensed in B, the water running back into A' 
.through /, along with the volatilized salts. From B the vapours 
pass into C, whefe most of the water, together with a portion of 
the ammonia, is condensed. The condensing liquid serves for 
washing the ammoniacal vapours, and especially for retaining 
the salts ^carried away with them. "Ihi uiieuinlensed vapours 
pass through e intq the charcoal-purifier* E te E'", which abiorb 
the impurities mixed with the, ammonia-gas. ‘ !q G the pure 
ammonia-gas is condensed’by cold water, and liquor ammonim 
is obtained. The last remnant of the ammonia is absorbed in 
H by sulphuric acid; the uncondtnsable gases escape through k. 
When the still A is worked off, the relidue is discharged, and 
A is recharged from.A'. The liqlior now re-aspirated from D 
into A clears the worm C, etc., from any deposit ^ If in G and 
H ordinary water, not distilled, has Ijeen employed for 
absorbing the ammonia, the precipitate of calcium, aluminium, 
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»nd magnesium salts formed must be allowed to settle in order 
:o obtain a clear, marketable product. Each operation takes 
Four or five hours; and from looo litres of gas-liquor of 3° Baumd 
is obtained 100 to iio kg. of liquor ammoniac of 32° Baume 
[=sp. gr. 0-924). 

The Berlin-Anhaltische Maschinenbau-Aktien-Gesellschaft 
Bamag ”) supply the apparatus, siiown in Figs. 275 to 278, for 
the manufacture of pure liquor ammoniac. The vapours coming 
from the column-still a, provided with automatic outlet valve xj 
iff P- *352, Fig. 261), are partially cooled in the reflux-cooler c, 
so that only small quantities of water pass over with the 
ammonia The remaining ga^es are completely freed from 
CO.^ and H^S by the thrae carbonic-acid washers d d d, con¬ 
structed as shown in Fig. 267, p. 1356, for concentrated gas- 
liquor, the milk-of-lime flowing into the last of these at the top, 
and descending into the second, lastly into that at the bottom; 

« is a “lime-catcher.” From here the milk-of-lime is pumped 
into the column a, where the ffee lime still present decomposes 
the non-volatile ammonium salts. In d d d the COj and H^S 
are retained by the lime, and the g*ases pass through two coolers, 
ffy with the receiver,^, and a coke-filtbr, h, where the ammonia- 
gas is further dried and purified. An oil-washer, i {cf. p. 1367), 
removes most of the fetid organic substances, and any remain¬ 
ing impurities are retained by the charcoal-washers, and /r^, 
from which the aratnonia-gas issues in a perfectly pure state. 

It is retained in the circular, properly cooled abjorbers k, the last . 
of it in /, and furnishes liquor ammonia of an/desired strength; 
m is a steam-pump 4 or fresh milk-of-lime, n is a pump for 
pumping the milk-of-lime from the carbonic-acid washers into 
the still a, 0 anapparatufcfor distilling water, / a ’•'■'•"V”,«/ 

ingihis, r a centrifugal ^mp for supplying it to the sSll a. 

Later on the •“Bamag” introduced for tfie manufacture of 
liquor ammonia the process of drivU^ out carbon dioxide 
by heat {cf. supra, 1358), in which the preheated crude 
liquor is heated up to* 92° f., and the remaining COj is 
saturated by lime in art agitating-vessel, whereupon it passes 
into the still, and from there A.e NHj, which is qow in the free 
state, mixed Vith steam, arid, after previous partial cooling, goes 
on to the, reflux-cooler. The further-purification by charcoal, 
oil, and soda-filter goes on as usqal. 
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The newest patents of the “ Bamag ” are B. P. 4242, of 1914, 
and Ger. P. 272985. 

Heinrich Hirzel s apparatus (Figs. 279 and 280) produces 



Fig. tio. 


chemically pur^ liquor amraonise of maximum strength (28' to 
30° Baum^). A and A' are riecom'posing-vesseM, alternately 
charged with gas-liquor and lime, the mixture being previously 
made in B. The contents of ^ and A' are gradually pumped 
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by P into the heater F, forming the upper part of column E, 
into the bottom of which steam is blown. The condenser F 
dehydrates the gas, which yields its impurities in tfie washers 
G, H, N, and P to railk-of-lime, oil, and charcoal; the pure gas 
passes through P into the cooled absorbers Q and Q', and from 
these into receiver R. T serves for preparing distilled water, 
collected in U, and serving to feed Q and Q'; 97 per cent, of 
the ammonia can be thus recovered; the waste liquor from the 
column contains but o-oi per cent. NHj. 

A new apparatus of Hirzel’s (Ger. P. appl. H62171) effects 
the removal of great part of the carbon dioxide and hydrogen 
sulphide without the employment of lime, by absorbing the 
ammonia in fresh water id a special washer, placed near the 
vessel for removing the carbon dioxide. 

P'eldmann (B. P. 11711, of 1884) operates in quite a different 
way. He objects to the employment of lime-washers, etc., after 
distillation ; his principle is, employing a sufficient quantity of 
lime before distillation, and separating the precipitate formed 
after some time by rowans of a, filter-press. In lieu of the 
greenish, slimy residues otherwffie produced, which are very 
difficult to dispose of, he obtains, by means of a filter-press, 
solid cakes, from which the last portions of ammonia are 
recovered by a washing-arrangement and by excluding the air 
during the operation. The filtered liquor is nbw distilled in a 
column, and the distillate can be brought up to 25 per cent. 
NHj, but is still an impure liquor, since the amjfionium sulphide 
is not decomposed by the cold treatment wfth lime. It is, 
however, completely decomposed by redistilling with an excess 
of lime, say, twice the theoretical quantity. As the quantity of^ 
liquor is now very small, and the ammonium sulphide on the 
averd|;e is only ona-tweafteth of the total a^nmonia, there is 
no difficulty wjiafever in that rftdistillatjgn, especially as the 
calcium sulphydrate is produced in a liquid form. 

P. Mallet recommands his column provided with a mechanical 
agitator, to be described later oa, in connection with the manu¬ 
facture of sulphate of ammonia, as being particularly adapted for 
the manufactme of caustic .ammonia, where a latge excess of 
lime must be eTnployed. * 

In ordef to make (;olourlessJiquor,he employs the apparatus 
shown in Fig. 281. Here A is* a cast-iroq column, i ft. 6 

4S 
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in. wide, formed of 14 chambers containing a solution of 
caustic soda, introduced by the funnel a. B is a similar column, 
containing* a vegetable fatty oil, or heavy mineral oil, for retain¬ 
ing the empyreumatic substances (p. 1367); G, a wrought-iron 
tubular saturator, through the tubes of which a current of cold 
water is constantly passing, in order to cool the liquor during the 



Fig. 281. 


condensation of the ammonia; D, a cast-iron safety vessel, in 
which the gas escaping the action of water in the saturator G 
is retained. The gas coming from the ammonia-still (where 
an excess of lime is employed] enters at E into the column 
A and there (iarts with most of its impurities, and is completely 
causticized; in the column B rftost of the organic alkaloids and 
empyreumatic substances are retained by the oil; the purified 
gas meets with cqld water in" the saturator G; and when the 
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soljation is strong enough, it is run off by the tap p. The liquor 
contained in D is now run into G ; B is refilled with pure water; 
and the operation is started again. The liquor ammoni® thus 
made keeps colourless even in the sunlight; but it still contains 
traces of foreign products, as is proved by its being more or 
less coloured brown by nitric acicj. Liquor which is to stand 
this test as well must be made from sewage liquors. 

Improvements to this apparatus are contained in the patents 
of Mallet and Pagniez (Ger. Ps. 31003 and 66288). 

Rousseau (Fr. P., 18th August 1880) recommends that, in 
rectifying ammonia by dephlegmation, the water should be 
kept at a’temperature of from 60° to 70" C.; below this, e.g., at 
55”, the liquor begins to’take up 
ammonia from the gasej passing 
through. 

Hegener (Ger. P. 11669) prevents 
the escape of ammonia in changing 
with milk-of-lime by means of two 
tanks placed above the sjill. In the 
upper one (R, Fig. 282) the lime *is 
^ked, and the milk-of-lime is let 
^wn into the lower one, R', by the 
tap H. During this the ammonia- 
cal gases in R are .conveyed to a 

special receiver by a pipe proceed- _ 

ing from the air-tap B. When the • P*. 

milk-of-lime is to be run into the 

still, the taps H and B are closed, but H' and the steam-l;pp D 
are opened. .. 

An apparatus patented by the Socicte anonyme des f roduits 
ChimiTJues du Sud-Duest^6er. P. 13429) does not seem to offer 
afiy special ad^»ntages over those alrea 4 y described.—That 
of Rube, Engelcke, and Kraus (Ger. P. 15570) consists of a 
column formed of a numjper of funnels superposed one over 
another, into which aramoniacaJ liquor and milk-of-lime are 
introduced by separate sipl^on-pipes.—G. Wunder (Ger. 
P. 17411) emplj^s the old principle of two boilers,'one for the 
volatile and one for the fixed ammonia, the latter being heated 
Joy the steanf coming from the former, which itself is heated by 
a fire.—J. Garei.“ P. 21707; B! P. 3; 64, o£ 1882) employs a 
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combination of four vessels, so arranged that the one filled with 
milk-of-lime is not, like the lowest, heated by a direct fire, but 
by the steam coming from the latter, just as is done (in a more 
perfect way) in the Griineberg stills, p. 1348.—F. Gerold and 
M. Vacherot (Ger. P. 21821) patent a travelling apparatus for 
working gas-liquor, consisting of a simple cylindrical boileri 
with an inside fire-tube, like a Cornish boiler, resting on a 
railway truck. [This form of boiler is quite unsuited for distil¬ 
ling gas-water, especially with lime, as proposed by the 
inventors.]—C. H. Schneider’s apparatus (Ger. P. 21252) is a, 
two-boiler still with dephlegmator, without any essential 
difference in principle from the ordinary apparatus.—The same 
also applies to the apparatus of C. B^frson (B. P. 11449,0! 1884), 
which contains a directly fired retort of peculiar shape. C. 
Hills (B. P. 5874, of 1884) heats the gas-liquor as it descends in 
a scrubber, the heat being applied to the lower part of the 
scrubber. By this means the temperature of the descending 
stream of gas-liquor is gradually raised, and most of the 
hydrogen sulphide and carbonic anhydyde, and some ammonia, 
are expelled, the latter being" absorbed by the cool gas-liquor 
in the upper part of the scrubber, whilst the H^S and COjj pass 
away from the scrubber. 

Chur (Ger. P. 166973), in orJer to purify the NHj driven 
out from gas-hquor from H^S and CO^^ passes the gas, by 
means of hydraulically luted bells, through milk-of-lime. In 
order to compel the gas toi remain a long time in contact with 
the milk-of-lime, without unduly increasing the hydraulic 
pressure, there is an arrangement of vertical partitions, dividing 
the space below the bells into a number of chambers through 
which the gases have to pass in succession. ^' 

In a later patent (Ger. P. 188^14) Chur place? a special 
decomposing-vessel/lime-mixer) on the top of the distilling- 
column. In this vessel the preheated concentrated crude gas- 
liquor is mixed with lime and heated by steam, ivithout dilution. 
Thereby the ammonia is comjietely split off from the COj and 
HjS, and even part of the non-volatfle ammonium compounds 
are decomposed, the remainder being easily decomposed in the 
column below. Thus the pfincipal quantity* "of ammonia is 
already obtained in the lime, mixer, and it is diasy to treat 
there gas-liquor pf high pertentage, up to 15 to 20 per ceijt: 
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NHj. This takes place because most of the lime is already 
used-up in the mixer, and the mud, passing through the column 
along with the gas-liquor, contains lime mostly already 
neutralized, so that even on working a concentrated liquor the 
■ columns do not get obstructed. At the same time the con¬ 
sumption of lime and steam is smaller than usual. 

Dr C. Otto & Co. (Ger. P. 174695) employ the liquor from the 
reflux-cooler for washing the gases to recover any ammonia 
escaping. 

Stine (U.S. P. 929726) produces pure gaseous ammonia by 
passing air through ammoniacal liquor, which is gradually 
heated uji to 100° and above. 

The Society Jules Jean & Cie expels the ammonia from a 
spray of gas-liquor by me^ns of air. 

P'rerichs (Ger. P. 222918) prepares pure ammonia from 
impure gases or volatile ammonium compounds by allowing 
them to act on ammonium ^hydrosulphate, which is thereby 
converted into impure normal ammonium sulphate. This is 
afterwards heated up Jo the point that the organic nitrogen 
compounds are converted into arnmonium sulphate. By heating 
this to 300” to 400'" it is transformed into ammonium hydro¬ 
sulphate, pyrosulphate, and free ammonia; and lastly, the 
ammonium hydrosulphate obtained in this manner is again 
exposed to impur§ ammonia gases. In lieu of ammonium 
hydrosulphate the hydrosulphates of potassium or sodium may 
be employed. By this process most of the litrte is economized, 
and the volatile carbon compounds, such as alcohol, benzene, 
toluene, naphthalene, etc., are removed. The patent shows a 
suitable apparatus for this purpose. 

Mari'chal (Fi^ p. 350679) removes the sulphur of gas-liquor 
by means of ozonc», the* precipitated sulphua is sold in a com¬ 
pressed state. . . 

Hartmann (Ger. P. 164723) describes a pump for both 
raising and stirring* up ,the milk-of-lime. Two pumps are 
combined, one of them being‘connected both ways with the 
lime-tank and causing a constant circulation of the milk-of-lime; 
the other putq^ is connected on the one side with’the lime-tank, 
on the other siUe with the stilf, and both are driven by the 
same mechSnism. 

Carl Menzel Sbhne (Ger. P. '165098) describe a pump for * 
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mixing and automatically dividing the milk-of-lime among 
several stills. An automatic lime-pump is also described by 
Kordt (/. Gasbeleucht, 1903, p. 375). 

Keppich (Ger. P. 125573) separates ammonia from the 
organic amines present, by passing the mixture of bases, 
expelled from the still, through a series of absorbers, charged 
seriatim with the equivalent of acid corresponding to each of 
the bases present,, the proportion of which must be previously 
ascertained by analysis. Thus, he asserts, the bases are 
separated according to their relative chemical affinity to the 
acid contained in the absorber. 

Coppers (Ger. P. 140350), employs a closed satutator, and 
allows the steam formed therein to preheat the gas-liquor in 
a special column from which the maip column is fed. 

Doersch (U.S. P. 709846) describes an ammonia generator 
for laundry purposes. 

N aef (Ger. P. 115 249) evolve^ pure ammonia from ammonium 
chloride and magnesia in a continuously acting chamber. 

The following patents also refer tq this subjectHender¬ 
son (B. P. 15836, of i? 85);' Brison (Ger. P. 34030); Pampe 
(described in Fehrmann’s Ammoniakwasser, 1887, p. 67); 
Chevalet (B. P. 8819, of 1886); Colgate (B. P. 3384, of 1890); 
Whiteside (U.S. P. 534935); Bachmann and Sulzer (U.S. F; 
573956); Stroh and Osins (U.S. P. 710221); Brunck (B. P. 8287, 
of 1903); Hirzel (Ger. Ps. 88953 and 91717); Francke (Ger. 
Ps. 165309 and. 169444);’ Abendroth (U.S. Ps. 712891 and 
792379); Adriaanse (Fr. P. 355971); Bpssc (U.S. P. 1051383); 
Kres?; (Ger. P. 226109); Brassert and Bacon (U.S. P. 1123232); 
Marr (B. P. 6291, of. 1913; Fr. P. 470696); W. H. Wright 
(U.S. P.,1114843); Fabry (B. P. 337, of 1914). 

also the .apparatus described infra for sulphate of 
ammonia. 

Absorption of the Ammonia Vapours in Water. 

For the manufacture of Hquor ammonise generally only 
distilled water exo be employed lyhicb is obtained for chemically 
pure liquor by condensing steam from steam boilers in tin-lined 
cooling-worms; for “technically pure” liquor' it is frequently 
obtained by the condensation water from the stdkm used for 
the indirect heating of, the Apparatus. Ordinary water, which 
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always contains more or less calcium salts, yields ammoniacal 
liquor, turbid by the secretion of extremely finely divided 
calcium carbonate; it also causes incrustations in the absorbing- 
apparatus which strongly interfere with the action of the cool¬ 
ing-apparatus, and may even cause obstructions. Condensed 
steam-water, on the other hand, may contain admixtures of oily 
matters from which it must, if necessary, be purified by a suitable 
filter. On the whole the preparation of “ chemically pure liquor 
ammoniae” differs from that of the “techrfically pure” article 
merely by the extent to which the purification of the gas has been 
carried; for the technically pure article, e.g., the caustic-soda 
washers*may be left out. Where water free from lime salts is 
at disposal, it may, of course, be employed for preparing techni¬ 
cally pure liquor ammoniae. 

Absorbing-apparatus .—The absorption of ammonia by water 
produces a considerable amount of heat, and necessitates the 
cooling of the absorbing-vessels. These are frequently ordinary 
closed iron tanks, lined with'lead, two or more combined to a 
set, and all of them provided wjth an inside coil of pipes for' 
cooling-water. Thes^ tanks me used in turns; that which 
contains the strongest liquor receives the fresh ammonia gas 
as it comes from the purifiers, and its contents are run off, when 
they are saturated up to thS desired point, whereupon the tank 
is filled with fresh water and now receives tl« stream of ga.ses 
as the last of the stt. 

More efficient and usually pre%red for coutinuous work are 
absorbing-vessels, shaped as tubular rw/m,‘similar to those 
used for the pre-heating of the gas-liquor. In these the water 
to be saturated is inside the tubes, which causes a better sub¬ 
division of the stream of gas, and more efficient cooling by the 
water surrounding the, tubes on the outside. The’tubes are 
perpendicularly ‘arranged, and at the top connected with a 
column, into which the water to be Saturated enters continually 
at the top, and flo\^s down from one basin to another. At the 
bottom the saturated liljuor continuously runs out through a 
tube in which a hydroifleter is floating, so that the working of 
the apparatus can be checked. All of this is like the Savalle 
column, descfibed in Part II., pp. 927 'et seq. 

Of cofirse the cooling njust be particularly well effected, 

if the strongest liquor ammoniae is to be made. At outside 

• • 
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temperatures up to 15°, a maximum percentage of 37-4 per 
cent. NHj may be attained; at summer temperatures only 35-6 
per cent. ('=o-88o sp. gr.) can be reached. For this purpose 
the absorbing-vessels must be cooled down to 15° to 18°, or.. 
18° to 20° respectively. 

The absorbing-apparatus for continuous work, constructed 
by the Berlin-Anhaltische Maschinenbau-Aktien-Gesellschaft, 



has been shown supra, p. 1373, in 
connection with the other plant. 

Only exceptionally, and exclu¬ 
sively for the preparation of chemi- 
caliy pure liquor ammonise, stone¬ 
ware receivers are employed, similar 
to those used for the condensation 
of hydrochloric and nitric acid. A 
special kind of such receivers for 
the absorption of gases and vapours 
are those patented by Cellarius and 
Lehmann (Ger. P. 232864); they 
have the advantage of presenting, 
to the gases twice the active sur¬ 
face possessed by the ordinary 
apparatus of the same kind. This 
is owing to their being constructed 
as a cylindrical ring, with a radial 
, diaphragm separating the entrance 
and exit pipes for the gases, as 
visible in Fi^s. 283 and 284, show¬ 
ing a horizontal and a perpen¬ 
dicular section of the apparatus. 

In the .periodical style of thak- 


ing liquor ammoniae, the absorbing-vessel receiving the fresh 
gas is emptied-when its contents have got up to the strength 


required; the liquid contained in the last vessel is then run 


into it, and the last vessel is fj'led tip with fresh water. In 
the continuous style of work there are as a rule only two 
absorbing-vessels, placed one abfcve the other, communicating 
by an overflow-pipe from the .top of the uppef" vessel going 
down to the bottom of the lower, vessel. At first both of them 
.are filled with water; when the contents of the first vessel 
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hav« attained the proper strength, the supply of water to the 
top vessel is started, and is regulated so that the h)’drometef 
in the outlet pipe always shows the proper strength. • 

In starting the work, when the fresh ammonia gas meets 
fresh water, the absorption of the gas is so violent that a 
vacuum is formed and the whole apparatus is shaken ; but this 
does no harm in the case of iron 'Vessels. 

Sometimes the contents of the absorbing-vessels are not run 
straight into the carboys or tanks for carriage, but first into 
large-sized col/etting-vessels, provided with a hand-worked stirring 
arrangement, which allows of regulating the strength with 
absolute»equality. , 

• 

Solid Ammonia. 

This is the name giVen by the Chcmische Fabrik Betten- 
hausen, Marquart & Schulz (Ger. P. 124976, of 1901), to a mixture 
of 3 to 5 parts sodium stearate, dissolved in 10 parts aqueous 
liquor ammoniae, or else in 8t) per cent, spirit of wine, made at 
40° C. with 85 to 90 parts liquor ammoniae of 25 to 33 per cent. 
NHj. This mixture Ras a consistency nearly like that of solid 
paraffin; already on lying in the air,*more quickly when gently 
heated, it gives up the whole of its NH^, leaving only the 
sodium stearate behind. • 

» 

Absorption of Ammonia by Hygroscopic Salts. 

Ormandy, Walker, and Holrojid (B- B- 87985 ) absorb the 
ammonia by strong, or even supersaturated solutions of hygro¬ 
scopic salts, preferab^ calcium chloride. The vessel containing 
the solution should be made to revolve, or be fitttfd with 
agitators. « 

• • 

Carriage and Storage of Liquor Ammonim. 

The marketable liquor is usually run from the absorbers 
straight into the ijsssels for carrying it by rail, or otherwise. 
For chemically pure ‘liquos these are glass carboys, for 
the technical liquor mOstly cylindrical iron vessels, lined with 
lead both inside and outside*; but glass carboys are employed 
also for the technical liquor, if •the distance^ is not considerable 
or small'quantities are concerned. The Carboys should not 
be quite full, and must be kept in a cool place, lest they 
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should be cracked by pressure of gas. They must be very 
tightly corked to prevent loss of ammonia by evaporation, 
which can be hardly altogether avoided when the liquor is 
kept in stock for some time. For large quantities wrmght- 
iron drums or tank-wagons are used, which, however, give 
■ rise to red precipitates of iron oxides, and hence can only 
be employed for the crude article. The purer article is sent 
out in tinned iron drums. Sometimes “galvanized” iron 
drums are used; but it would seem that the zinc coating is 
gradually dissolved by the ammonia, especially if any air can 
enter. 

Pennock and Morton (/. Amer. Chan. Soc., igoj, p. 377; 
Client. Centr., 1902, i., 1180) have established the following facts 
concerning the action of ammonia on iron. If the iron be 
completely free from rust, concentrated ammonia not merely 
has no action on it, but even prevents the formation of rust, 
since this takes place only in the presence of free carbonic 
acid. When, however, concenti^ated ammonia is in contact 
with iron, partially covered, with fresh rust, the rusting- 
process is promoted. If the «on be 'completely covered with 
a layer of rust, it is nd more acted upon by concentrated 
ammonia. 

The Board of Trade prescriptibns for the carriage of liquor 
ammoniae are quoted later on, p. 1406. 

If the liquor is no^ at once sent out, but must be kept in 
store for some time, the fille^l carboys and iron drums must be 
placed in cool lotdlities. The glass carboys are closed by good 
corks, enveloped in parchment paper, of by stoneware plugs, 
but both of these must receive a protective covering of plaster 
of Paris. The vessels, especially in the case ©f strong liquor, 
must not “be exposed in the summer S^son.tothe direct beat 
of the sun; otherwise their contents may begiii to boil, and not 
merely carboys, but 'even* iron drums are cracked. For the 
same reason the vessels must never be filled up right to the top, 
so that the liquor may have rpom for expansion at higher 
temperatures. 

Curphey (•Chief, Inspector *6f Alkali Works) strongly 
recommends protecting the liquor durfng sksfage against 
loss pf ammonia by evaporation.by a thin top,-coveving of oil- 
,{Ckem. Trade /., 1915, p. 496) 
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Uses of Liquor Ammonia. 

These are extremely multifarious. Its most extensive 
employment is in the industries of dyeing, bleaching, scouring 
of wool, calico-printing, in the manufacture of colouring matters, 
the extraction of indigo, of cochineal, etc.; and in the prepara¬ 
tion of a large number of chemicaj and pharmaceutical products. 
Considerable quantities are used in the industry of artificial silk 
(the ammoniacal cupric-oxide process). Benson and Crites use 
it for extracting resin from wood (/. Ini. Eng. Chem., 1915,' 
p. 918). 

, Testing of Liquor Ammonia. 

Methods for a complfte analysis of ammoniacal liquor have 
been given in Chapter XII., pp. 1277 et seq. In this place we 
mention only the commercial tests for the liquor ammoniac of 
trade. 

The percentage of ammonia in this liquor is nearly always 
ascertained by means of the* hydrometer, for which the tables 
on p. 1297 may serve; but it mqst not be overlooked that these 
are valid only for the temperatures stated. In lieu of the figures 
for specific gravity, it is usual irf Germany to employ the 
hydrometer of Baumc or Beck, in France that of Cartier; a 
table given in the AppendiJt will permit the reduction of these 
degrees to specific gravities. • 

Technically pure liquor ammonise sliould be colourless (even 
when exposed to the light for .some time)^ clear, and not 
smelling too much of empyreuma. SulpEides ought to be 
entirely absent, as shown by lead-paper. Pure liquor ammoniae 
for pharmaceutical purposes ought to be free from chlorides 
and cyanides ^in which case, when it is neutralized by nitric 
acffl, silver nitrate pjdduces no opalescence), and* should be 
almost free .from empyreuma.. The latter is especially per¬ 
ceptible on neutralizing the liquid. 

Kupfiferschlager {Bull. Soc. Chim., xxiii., p. 256) prescribes 
proving the presence of far^y matters in liquor ammoniae by 
the red colour which ft produced by pouring a few drops of it 
into a test-tube containing i*few cubic ceptimete-es of colourless 
nitric acid’liilutetf with a quarter of its volume of water. 
Accordiilfe to Wittstein {Diiigl. polyt. ccxiii., p. 512) the pink 
colour is not produced if the nitric acid be at once supersaturated 
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with ammonia, but only on partial saturation, and it is destroyed 
by an excess of alkali. Both chemists ascribe it to the action 
of nitric acid on aniline, etc. Lehmann (Wagner’s Jahresber., 
1864, p. 195) many years ago made a similar observation. 

Tests for Pyridine. —H. Ost states {Z. and. Chem., xxiiL, 
p. 59) that pyridine can be detected by its smell when nearly 
neutralizing the ammonia, hy distilling the liquid, collecting 
the distillate in hydrochloric acid, evaporating and extracting 
the residue with absolute alcohol, a solution is obtained 
containing but little ammonium chloride. This is removed by 
addition of platinum chloride, and on evaporation of the 
alcohoiic filtrate the platinum-pyridine double chloride separates 
in characteristic forms. The testing Tor pyridine by the smell 
can be conveniently carried out by soaking a piece of filtering 
paper with the liquor; after the ammonia has volatilized, the 
smell of the (less volatile) pyridine comes out more di.stinctly. 
That smell is still more perceptible, if a sample of the liquor 
is exactly neutralized with sulphuric acid; any excess of this 
should be taken away by adding a little ground chalk. 

In order to test for pyridine, Kiinzcl {Fise/ier's Jahresber.^ 
1890, p. 468) neutralizes too c.c. liquor ammoniac with dilute 
sulphuric acid, with good cooling, adds a little caustic-soda 
solution, dilutes to 400 c.c., and distils off one-third during an 
hour. The distillate is mixed with 10 g. mercuric chloride, 
diluted to 400 c.c. and again distilled. The distillate ought 
not to require more than 2 r.c. decinormal soda (=0 00948 per 
cent pyridine) before showing a neutral reaction against methyl 
orange. 

Quantin [Comptes rend., cxv., p. 561) performs the quantitative 
estimation of the pyridine bases in liquor* ammoniac by 
precipitating the ammonia as Mg.NH4.BD4, filtering, converting 
the organic bases contained in the filtrate into chloroplatinates, 
and separating those by means of absolute alcohol 

Pennock and Morton (/. Amer. Chem. Soc., 1902, p. 377; 
Chem. Centr., 1902, i., p. 1181) employ the following tests for 
commercial liquor ammoniac:—(i) Carbonic Evaporate 
too c.c, of the 'liquor, with 5 c.c. ca'ustic-soda solution to about 
20 cc. To this residue add 50*c.c. water and a'’'little phenol- 
phthalein, cool down to 10° C., And exactly neutralize with 
sulphuric acid, avoiding any excess whatever of the acid. Then 
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add 10 c.c. decinormal sulphuric acid, boil for two minutes, and 
after cooling titrate back with decinormal caustic-soda solution; 
(2) Organic substances (apart from pyridine).—Put 10 c.c. of the 
•liquor into a 300 c.c. Erlenmeyer flask, add 20 c.c. 1/50 normal 
potassium pyrochromate and 50 c.c. dilute sulphuric acid (1:3); 
boil gently during twenty minutes, and, if necessary, fill up 
again to 50 c.c. After cooling, aftid an exce.ss of 1/50 normal 
ammonio-ferrous sulphate and titrate back with 1/50 normal 
potassium permanganate, until a faint pink* colour remains for 
some time. Add the cubic centimetres of KjCr^O, and KMiiO^ 
used, and deduct the cubic centimetres of ammonio-ferrous 
sulphate^ also the quantity of,K.jCrj07 required in a blank 
test. The result is stated in cubic centimetres of i/ioo 
normal K.^Cr,p. per 100 c.c. liquor ammoniac. (3) Pyridine .— 
Neutralize 100 c.c. of tht liquor, kept cold, almost completely 
with dilute sulphuric acid (i: 5). Cool down to 20° C., add i or 
2 drops of methyl-orange, and neutralize exactly with acid or’ 
alkali as may be required. Then distil the solution, and collect 
70 c.c. of the distillate in a receiver containing 30 c.c. cold 
water. If the pyridine present Joes not exceed 2-5 g. per litre, 
the too C.C. present in the receive:* contain all the pyridine. 
Cool down to 10°, add a little phenolphthalein and a solution 
of mercuric chloride till th(? colour has been discharged; then 
add another 4 drops of HgCl^ solution. Thi» precipitates any 
NH.J still present.* Phenolphthalein is reddened by NH^, but 
not by pyridine. The filtrate is ti^ratej witl^normal sulphuric 
acid and methyl-orange; i c.c. normal H^SO/^o-oyog. pyridine. 
- Cf. also the methods for estimating the pyridine in crude 
ammoniacal liquor, described supra, p. 1286. 

Other organic substances of a tarry nature are proved, 
according to Bernbeck^((P/wm. Zeit., 1890, p. 694) 4 )y putting 
a layer of the Mqiior ammonia: on to the top of crude, concen¬ 
trated sulphuric acid; if such tarry suBstances are present, a 
red ring is formed jt the zone of contact. 

Pfeiffer (Lunge and Berl^ Chem. Techn. Unt. Meth., 6th 
ed., iii., p. 367) has found many relations between the percentage 
of empyreumatic substances^nd the smqjl of liquor ammonia:. 
He recomm’aids to test for tha former in the constant checking 
of the work by the following^ short methoef.* To 10 c.c. of the 
sample add 30 c.c. dilute sulphuric acid (i: S) and 10 or 20 c.q. 
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centi-normal permanganate solution, heat to gentle boiling for 
five minutes, decolorize by lo c.c. centi-normal oxalic acid, and 
'retitrate with i/ioo normal permanganate until a faint pink 
colour appears. The total amount of permanganate used, less 
the 10 C.C. of oxalic acid, is an expression of the organic 
substance contained in the liquor. Pfeiffer found in various 
samples of commercial liquoV ammonias a consumption of 
between O'5 and 22 c.c. permanganate. 

According to Krauch {Priifung der clwiiischen Reagentien 
aufReinheit, 2nd edition, p. 164) commercial “chemically pure” 
liquor ammonias must stand the following te.sts: (i) Pyridine 
and Chlorides.—Itn c.c., diluted with 30 c.c. watery- should 
remain colourless after supersaturating-with nitric acid, and this 
liquid should not show any change on the addition of silver 
nitrate. (2) Volatility. —Fifteen g. liquor, on being evaporated 
in a prcelain capsule on the water-bath, should leave at most 
slight traces of a residue. (3) Metals.—Yveo. c.c., on addition 
of 20 q,c. water and a few drops of ammonium sulphide, should 
show no change. (4) Sulphuric Acid. —Ten c.c., after being 
supersaturated with acetic acid,, should give no reaction with 
barium chloride even after prolonged standing. (5) Carbonic 
Acid. —Ten c.c., on being mixed with 10 c.c. water and 40 c.c. 
lime-water, should show no turbidity; 

Klotz {Chem.‘Zcit.., 1911, p. 141) describes an apparatus 
for testing liquor ammoniae which contains no new features. 

III. Manufactukk of Anhydrous Liquid Ammonia. 

The possibility of converting gaseous ammonia by pressure 
and coW into the liquid state has been known for a long time 
/■past. Already in 1799 von Marum asserted that he had 
, liquefied the gas by a pressure of 3 atnf.,.and later on Fourcioy 
and Vauquelin, and Guyton de Morveau were believed to have 
done so by cooling down to -40° to -43°'5; but probably the 
gas employed for their experiments was not absolutely dry. 

In 1823, Faraday published \n,Pkit. Trans., cxiii., pp. i8p 
et seq., the work done by him, at the suggestion of Davy, on the 
liquefaction of • gases. He descHbes there an experiment, 
shown up to this day in lectures 'on chemistry, w^iich consists 
in heating argentic'chloride, saturated with, dry amnibnia gas, 
in one of the limbs of a closed two-limb glass tube, the empty 
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limb of which is cooled by ice; the ammonia volatilized is 
here condensed to a colourless liquid. A year later Busey 
made the all-important observation that by the volatilization 
of liquefied sulphur dioxide at ordinary pressure a lowering of 
the temperature down to —57'’, at diminished pressure down 
to —65° can be attained; from this dates the industry of ice 
and cold-producing machinery. In 1845 Faraday succeeded 
by means of Thilorier’s cold-producing mixture (solid carbon 
dioxide and ether) to convert liquid ammonia into a solid, 
crystalline mass, fusing at - 81°. 

Up to that time the liquefied gases, of which, apart from 
ammonia* carbon dioxide (Natterer, 1844), sulphur dioxide 
(Davy, 1823), chlorine (Faraday, 1823) and several others had 
been prepared, possessed hardly any but scientific interest; 
but Busey’s observation led to the invention of machines for 
producing ice on a technical scale, the first of which was that 
constructed by Carre. Through the enormous development of 
the industry of ice and cold, liquefied ammonia has become a 
very important article of trade as the generally preferred means 
of producing cold. Ap|rt from its consumption for this purpose, 
the great advantages in the cost of tfansit possessed by liquid 
ammonia in comparison with ammoniacai liquor containing at 
most 35 per cent. NHg, and»the possibility of preparing frpm 
it such liquor of any desired strength without iequiring special 
apparatus for that purpose, have imparted to liquid ammonia 
a constantly increasing application ip chemicalpndustry, so that 
its manufacture is nowadays probably the nTost remunerative 
branch of the industry of ammonia generally. 

We refer in this connection to several special treatises on 
that subject, vii., Teichmann, Komprimkrie und verfliissigte 
Gase^ Halle, 1908^ Hardin, Liqikfaction des gas ;* GeTma.n 
edition, by I. Traube, Stuttgart, 1900; Bronn, Verfliissigtes 
Ammoniak cds Losungsviittel, Berlin, igcJs; Bamberger, Uber 
die Industrie kovipri^iierter und verfiussigter Gase, Wien, 1909; 
Urban, Laboratoriunisbudk fiir^ie Industrie der komprimierten 
Und verflilssigten Gase. • 

General Principles. —Up t^the momenj of liquefaction, the 
apparatus for •manufacturing aahydrous liquid ammonia from 
raw gas-liquor is exactly the same as thk described supra 
for the production of" chemically .pure liquor ammonia;. From, 
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this reason, the liquefaction of ammonia is as a rule only carried 
on in connection with that of liquor ammoniae, which has the 
advantage that, according to the more or less favourable market 
for one or the other of these products, either of them can be 
manufactured at will. It should be noticed that, according to 
practical experience, the producing-capacity of the ammonia 
stills in the case of using thfem for the manufacture of liquid 
ammonia is essentially increased through the aspirating action 
of the gas-compressor. 

The manufacture of liquid ammonia is carried out by the 
simultaneous application of cooling and compressing, the 
cooling being principally appljed for taking up and* carrying 
away the heat, set free by the compression of the gas. At o" 
the ammonia is liquefied by a pressure of 4-19 atm.; at 4-15° 
it requires 7-14 atm. {Cliem. Ind, ipof, p. 99). The apparatus 
employed is practically identical with that used for liquefying 
carbon dioxide or sulphur dioxide. 

Purification of the Gaseous 'Ammonia Inf ore Compression. 
Removing the Moisture. —The primary condition for manufactur- , 
ing a satisfactory description of liquid liimmonia is, of course, 
the application of dry and specially purified ammonia gas. 
From this reason it was formerly usual to prepare liquid 
ammonia not directly from crude gas-liquor, but from most 
highly concentrated liquor ammoniae, sometimes even from such 
obtained by saturation under pressure, from which the gaseous 
ammonia was aspirated by, the compressor, and submitted to 
drying before compression to the liquid state- For this purpose, 
very high columns were employed, into which the liquor 
ammoniae was introduced about half-way up, the upper, well- 
cooled part of the column serving for absorbing the ammonia 
liberated daelow at a somewhat higher pressure than in- the 
ordinary distilling-process, so' that a supersaturated solution was 
formed which, on relieving the pressure, gave up part of the 
ammonia without application of heat, an^ nearly in the dry 
state, owing to the considerably lowering of the temperature 
produced by-this action, which reduced the tension of the 
aqueous vapour to 4 minimum.-"tThe last traces of moisture 
- were taken away from the gas, by passirig it tfeough towers 
filled witbcaqstic'lime and caustic soda. 

R. Pllet {Zsch. fur kompr.jmd verfiiiss. Gaze, 1897, p. 46) 
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recommended, as the best way for removing the aqueous vapour 
from ammonia gas, its circulation in a very efficient refrigerator, 
^pn whose walls the aqueous vapour is precipitated in *the shape 
of hoar-frost, aided by strong pressure, which, however, must 
not go up to the liquefying of the ammonia. The gas coming 
put from here is practically anhydijous ammonia. By repeating 
this compression and expansion, apart from the moisture alsp 
organic bases and other impurities are secreted in a liquid form. 
According to the investigations of Strombeck {Proc. Franklin 
Inst, vL, p. 92; Fischeis Jahresber., 1892, p, 324), the commercial 
anhydrous liquid ammonia, found in the trade at that time, on 
evaporation left a yellow liquid of penetrating smell, and 
frequently needle-shaped cfystals of ammonium sesquicarbonate. 
That yellow liquid contained several alcohols, from methylated 
spirits upwards, acetone, lubricating oil, etc.; these admixtures 
seem to be the cause of the explosions sometimes occurring 
in ammonia-ice machines. He therefore proposed in his 
U.S. P. 477089, of 1892, to purify ammonia before compression 
by passing it at 90° C. over fused sodium, which retains all the 
above impurities, with fcvolutioif of hydrogen. The latter is 
removed by means of palladium sponge, which absorbs 800 
times its volume of hydrogen, and of which 250 g. suffice even 
for a large plant. Only tlfen the gas is passed into the 
condenser, and furnishes a liquid of 99 995 pA cent. NH.,. 

Bertelsmann {I.^irb. d. Leuchtgasind.,^.,p. 519) purifies the 
ammonia gas by drying it over caustic lime and passing it into 
a gas-holder, the bell of which is luted by oil, which retains 
ethyl alcohol, benzol, ’pyridine, and other organic substances. 
The condensation and evaporation is repeated several times, 
until there is nonnore residual matter present, and only then 
the liquid ammonia, is into the vessels fjr transporting it 
This process of j)utifying the ammpnia gas, after intense drying, 
by means of oil, is also prescribed by the “ llamag ” Company. 

Testing the Anwignia Gas for Moisture .—Even by the best 
drying apparatus, it is har*dly possible to remove the moisture 
from ammonia gas belo\^ 0-5 per cent, this remainder being 
removed later on during the,corfpression of the ga^, as described 
supra. It is ^Seidedly necessary to convince oneself whether 
the drying Ifes been carried to, the requisite Extent, by testing 
a sample of the gas. The ordinary methods for carrying out 

4T 
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tests for moisture by means of caustic lime, potash or soda, 
soda-lime,_ etc., are not sufficiently reliable for the purpose, 
Pure, concentrated sulphuric acid answers the purpose, if„ 
employed in the way employed by Kohler during a number of 
years for the daily testing, which combines accuracy, simplicity, 
and speed of execution (Lunge and Kohler’s Industrie des' 
Steinkohknteers, 1912, ii., p. 308). It is founded on the increase 
of weight of the _ acid. Ninety-eight g. pure HjSO^ absorb 
34 g, pure NH,. If, therefore, gaseous ammonia is passed into 
9-8 g. sulphuric acid with the proper precautions and in a 
suitable apparatus, until the exact point of neutrality, the 
increase of weight must not exceed 
3-4 g. Any excess of weight over this 
amount is caused, in the absence of 
organic substances, by the moisture 
contained in those 3-4 g. (=4'5 litres 
gafseoys NH.,) of ammonia. Kohler 
employs for this test the apparatus 
shown in Fig. 285. It consists of a 
, flas£, A, hold ng about 75 c c., with a 
ground-in hollow glass stopper, into 
■which are sealed the enlarged gas- 
entrance tube B, and the calcium- 
chloride tube C, .the outlet tubes of 
which are provided with a loop of 
filatinum wire, by which the apparatus 
can be suspended in a balance. 
There must be two such apparatus, as 
every test has to be made in dupli¬ 
cate, and^ these must be regulated for passing through the same 
amount of gas. This is approximatelj attait].ed by making the 
inlet tubes from the same glass tube, which is drawn out before 
the blow-pipe into a capillary, and cutting the latter in the 
middle by a stroke of the file. Thes^ inlei tubes are by means 
of india-rubber tubing joined to’the lower end of the inlet tubes 
B, in such a way that they dip^ equally far into the sulphuric 
acid, tinged ty methyl orange.* Each ppparati’s is charged 
with 50 C.C. dilute sulphuric acid, corresponding to exactly, 
9-8 g. HjSOi; when filled, it weighs from 75 to 80 g. 

The apparatus,, exactly weighed, are placed before aixi 
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during use in dishes, filled with bits of ice. They are joined to 
the ammonia main by a X-piece with glass taps, by which Jthe 
current of gas is regulated in such a way that the* saturation 
takes about fifteen to twenty minutes. Before starting the test, 
the gas stagnant in the connecting-tube (which enters into the 
producing-pipe) escapes. In order to prevent any absorption 
of moisture from the air, the calcium-chloride tubes of the 
apparatus are connected with a small stationary drying-tower. 
Small gas bubbles are noticed to ascend onfy in the beginning 
(until the air has been driven out of the inlet tubes) and at the 
end of the test (when the sulphuric acid is nearly saturated). 
At the nfoment when the colour of the liquid changes (which 
takes place almost instanfeneously on the saturation of the acid 
by NH,), the glass taps^ are closed, the apparatus are taken 
out of the ice, well dried on the outside, and allowed to 
stand before weighing until they have assumed the temperature 
of the outside air. During this time the liquid rises up in 
the entrance tube, owing to flie ammonia still contained in it, 
and completely fills up the widaned part of B. Since the air, 
standing in the absorjjing vesiifels above the liquid, does not' 
contain a trace of ammonia, the apparatus can be weighed 
directly, without replacing that air by dry air from without; 
for the same reason the drying tubes C may be filled with the 
more active granular calcium chloride. • 

The difference of weight before and after the absorption is 
composed of the following items;—«(i) The weight of the NHj, 
■taken up by the sulphuric acid, which is known to be = 3-4 g; (2) 
the weight of any ammonia taken up by the ammonium 
sulphate solution in A, which is determined by titrating' in the 
same flask with*decinormal acid; (3) the weight of the water 
contSined in the absorbed ammonia. By abiding th^ weights 
sub (i) and (2), and deducting the. sum from the difference of 
skweight of the apparatus before anfl after the absorption, we 
learn the percentage of water originally contained in the whole 
9f the ammonia absorbec^ 

Intermediate Vessels'for the Gaseous Ammonia .—The com- 
pressing-putim generally jdofe*s not take, the Ammonia gas 
^^jaraight from me pipe conduit toming out ,of the drying- and 
‘ purifying-a'^paratus, .but as a rule from ah interposed gas¬ 
holder, luted with heavy mineral* oil, holding from 5 to 10 cbm.,* 
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and serving as regulator for the pressure. Where a certain 
' production of liquor ammoniae is carried on at the same time, 
such an intermediate vessel is most useful, because it allows of 
making more gas than the compressor can take, passing this 
excess of gas into the absorbing-vessels for liquor ammonia;. 

Where, as described supra, the ammonia gas is got from 
most highly saturated liquor ammonia, such a gas-holder is nof 
required as regulator; but where raw ammoniacal liquor is 
worked directly for liquid ammonia, it does very good service. 

According to the Julius Pintsch Aktien-Gesellschaft these 
intermediate vessels, if they are not made of very large 
dimensions, may have disagreeable effects. For this reason, 
and on account of the considerable expense, that firm makes 
the compressors take the gas straight away, without an^ 
intermediate gas-holder, and avoids the risk of excessive changes 
of pressure by interposing one or more closed vessels and a 
pressure indicator. 

Compressors for liquefying A minonia Gas .—This work is done 
precisely in the same way as.for liquefying other gases, and 
indeed for so many other purposes wher^.highly compressed air 
or other gases are required. In all cases the heat produced by 
the compressing machinery must be carried away; this is partly 
done by cooling devices connected'with that machinery, partly 
by subsequent cobling. As in all other cases, the compressors 
may be of the single-acting or of the doublet-acting type; and 
they may effect the work all<at once, or in several stages. .'For 
the liquefaction 6f ammonia only single-acting or at most two- 
stage compressors are used, just as for' carbon dioxide or 
sulphur' dioxide. The necessary valves are always spindles, 

* pressed by spiral springs against the valve seat.*- All the parts 
coming in'io contact with ammonia flipst ^ot be made of a 
metal acted upon by ammonia, Jike yellow or rdd brass, bronze, 
copper, etc., but must \)e nlade of steel. Both the aspirating- 
and forcing-valves must be placed within the body of the 
compressor, not ia the aspirating- and" forcing-pipes, and they^ 
must be so arranged that they can be'at any time revised or 
renewed, withoht having to remote apy piping. 

Of course both the pistons and piston-rods tUust be con-*' 
stantly and; thoroughly oiled to,prevent excessive’-wear and 
tear, as, well as a los^ of power‘by friction. Some of this oil is 
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carried away with the compressed gas by volatilization or in 
a mechanical way, and must be removed from the gas by a 
proper oil-separator between the compressor and thd condenser, 
of which there are various types. The De la Vergue Refrigera¬ 
ting Machine Co. at New York employs for their standard 
compressors a special oiling apparatus, together with an oil- 
separator behind the pump. 

Ammonia compressors are built both of the upright and of 
the horizontal type. The latter is more usual in Europe, the 
former is almost universally employed in America. They are 
built both with direct action, or for being worked with pulleys 
and belt* The latter style of compressors is sometimes pre¬ 
ferred on the ground th 3 t they are less liable to accidents in 
fases of excessive pressure; but they consume more fuel than 
those working with direct action, and these are just as safe to 
work, if in the high-pressure conduit a safety-valve is inter¬ 
posed, such as are supplied for this purpose by the Maschinen- 
fabrik Surth at Siirth, near Cologne {Chem. hid., 1905, p. 429). 

The same firm supplies two-stage compressors for ammonia 
gas which are preferred to the one-stage pumps by large 
factories, as they do more work, and fiiat more quickly, and are 
not subject to as much wear and tear as the one-stage com¬ 
pressors. They are also preferred where, owing to an insufficient 
quantity of cooling-water, the work must be done at a higher 
pressure than 8 to 10 atmospheres. . 

Cooling of the Compressed Ga» {Intemnefliatc Coolers and 
Condensers'). —The critical temperature of compressed ammonia 
gas is higher than tSe temperature of ordinary cooling-water. 
Hence it is possible to liquefy the gas by appropriate cooling 
with water. * 

IR the case of»wor 4 dng with two-stage, (or higfier-stage) 
compressors t|je *heat produced .at everj^ phase of the com¬ 
pressing process is taken away by intermediate coolers. Since 
these have not at thasame time to fulfil the task of removing the 
latent heat, set free in the liquefection, they need not have very 
large dimensions, and can be mostly placed within the body of 
the compressor in the shape pf fnpes surrounded by*flowing water. 
For Ikjuefyin^the gas, after it* has reached,^its final pressure, 
serve the cdhdensers, placed immediately behind the compressor, 
and consisting either of one or niore coils of, pipes placed in a 
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cooling-vat, or by a set of pipes, over which water is constantly, 
flowing. Such coolers are, e.g., provided in the ammonia- 
compressirfg plant of the Maschinenfabrik Siirth, on the- 
principle of the counter-current. The type of coolers recently 
employed by that firm requires only a fifth to an eighth of 
the cooling-surface required by the older systems. 

H. C. Gardner (U.S. P. 1129477) describes a cooling- 
apparatus for condensing ammonia from the gaseous to the 
liquid stage. ' ' 

The coils of the condensers, as well as their connections 
with the compressor, are made of seamless iron pipes; the 
valves and other moulded pieces are made of cast »teel. As 
packing for the flanges, lead or rubber rings are employed, the 
faces of the flanges being provided with grooves for receiving 
these rings. 

Where the liquid ammonia is run from the condensers 
straight into the vessels for carrying it away, a collector should 
be interposed between' the condenser and the running-off 
apparatus, which in the course of work is partly filled with 
liquid, partly with gas, admitting to takeoff the liquid from time 
to time without interfering with the condenser. This arrange¬ 
ment has also the advantage that any unliquefied gases, like 
air, etc., can be let out at the highlst point of the apparatus. 


Conthination 0]^ Apparatus for the Manufacture of Liquid 
,' ‘ Ammonia. 

Many such combinations have been ‘made, but all of them 
on thi; same principle, identical with that used for liquefying 
other gases. We therefore show only two sixch combinations, 
one for tvorking on a comparatively-jmalj scale, and airothef 
for large production, and refer for the 'tekt to C. Schmitz, 
Zettschriftfiir diegesamte'-Kdlteindustrie, 1895, pp. 161 and 225; 
and Bertelsmann, Lehrb. d. Leuchtgasindusfrie, i., p. 519. 

The apparatus shown in Figp. 286'to 288, for the production' 
.of liquid ammonia, on a moderate kale, is supplied by the 
Germania Et^ineecing Works,‘formerly I. Schwalbe & Son, of; 
Chemnitz. It consists of an tammonia compressor with stMl' 
valves, placed orf'a box which in its upper portion holds tlje 
condensing-worm, and in its 4 ower portion a welded wroueht -, 
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iron cylinder in which the liquid ammonia from the worm is 
cbllected. The cooling-water enters at the bottom and issues. 



at the top. lihe gaSeous amtponia aspirated by the com¬ 
pressor is li»[uefied in the worm by mean^ of'eombined cooling 
and-pressure, and runs into the* cylinder, from which it is forced 
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by a pipe, reaching to its bottom, into steel bottles, like those, 
employed for liquid carbon dioxide, holding about 20 kg. 



V 


Figs. 289 and 290 show an ammonia compressor for a duty 
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of 8o kg. per hour, as built by the Maschinenfabrik Siirth. 



\ • ’ Fig. 290. 


The dry Snd pure ammoni^ gas, collected" in a gas-holder, is 
aspirated through tube a into tke low-pressure cylinder b of the 
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two-stage compressor, where it is compressed to about 3 atmo¬ 
spheres. After passing through the oil-separator c, the hot gas 
gets into tlje intermediate cooler d, where it is cooled down to the 
temperature of the flowing water, and is then aspirated through 
pipe e into the high-pressure cylinder f, where it is brought to 
the liquefying-pressure of 8 to 10 atmospheres; any oil carried 
away from this press is retained in the oil-separator g.- 
Compressor /possesses two suction- and two pressure-valves,' 
attached to both sides of the cylinder, with common suction- 
and pressure-pipes. The pumps are driven by a common 
crank-shaft, set in motion by a pulley and belt. After leaving 
the high-pressure cylinder/, the gas is compressed tcj such an 
extent that it is liquefied at about 8 atmospheres’ pressure by 
the subsequent cooling in one of the apparatus, mentioned supra, 
p. 1395. The condenser r, shown ifi the diagram, consists 
of a triple coil of seamless pipe, without any socket connec-- 
tions, with common collecting-pieces at the entrance and the 
exit ends; the cooling-water flows from below into the cooling- 
jacket surrounding the coils, into which-the gas to be liquefied 
enters from the top. The liquid ammonia collects in the lower 
part of the coils, and rune into the tralisportation-cylinders /, 
standing on the carriages k, which admit of reading off the 
weight of the cylinders / at any time. The air is got out of 
the bottles /, an4 thus an article as free as possible from air 
is obtained by means of a vacuum pump ?/A, which forces the 
air through water in order ^ to retain any ammonia. On the 
two oil-separator.s,' c and g, there are pressure-gauges n with 
safety-valves. 

The, Badische Anilin- und Sodafabrik now manufactures 
liquid ammonia from the ammonia produced bjr the process of 
Haber anci Rossignol, supra, p. 1074. They purify it from •dis¬ 
solved gases (uncorfibined nitrogen and hydrogen), by fractional' 
distillation, preferably*under pressure (B. P. 25259, of 1512; 
Fr. P. 458950; Ger. P. 277526). ^ 

Fig. 291 (from’ Teichmann, J^ompfimierte und verfliissigU 
Case, 1908, p. 90)' shows a plant for the production of liquid ^ 
ammonia on a large scale, with application of P. Mallet’s revolvir^ 
column (which we describe laty on in donnectiijn with the 
manufacture of airftnonium sulphate). This coraWnation is 
especially interesting, because it,alfows of producing at the same 
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time concentrated solutions of ammonia in a column, provided 
with mechanical agitating-gear, without being troubled by the 
secretion^if crusts of lime, A is the pump, A, the storing-tank, 
for gas-liquor which runs through the measuring-device, B, into - 
the preheater, C, and from this into the decomposer, D, where 
it is heated by the vapours escaping from the column F to such 
an extent that a great pcfrtion of the carbon dioxide and 
hydrogen sulphide, combined in the raw liquor with ammonia, 
are set free and ascape, whilst the ammonia remains behind, 
dissolved in the gas-liquor. CO^ and HjS are retained in the 
horizontal milk-of-lime washer E, and at the same the fixed 
ammonia is driven out by the lime. Milk-of-li»e of the 
constant concentration of 15° Be. is^rrepared in the two super¬ 
posed agitating-vessels N. Pump 0 conveys the milk-of-lime • 
into the upper part of the column'F, in which the vapours 
coming from the lower part, G, arc also purified from CO.2 and 
HjS, so that only hot ammonia gas, saturated with aqueous 
vapour, escapes at the top of F ‘into the decomposer, D, where 
it is cooled by the crude gas liquor meeting it in the opposite 
direction; whilst the milk-of-lime flows from F into the mixer 
E, where it gets mixed with ammonia i^ater coming from D. 

The mixture, now converted into a paste by the precipitated 
calcium carbonate, flows through frie distilling-column G, where 
it is completely .boiled out by steam, rising up in the column, 
the fixed ammonium salts being decomposeffl, and the ammonia 
set free being drjven out. Jhat ammonia, together with steam, 
rises up in the cblumn, and the boiled-out water runs out con¬ 
tinuously at the bottom of G, the outfloV being regulated by 
the float P. In the coolers H and Hj the ammonia-gas is cooled 
by fresh water, the condensate flowing back into the column. 
After being thus freed as much as*^ossible from steanf, the 
ammonia gas neit passes through the putifying-column I, 
where it meets a solution af caustic soda, and Ij where it meets 
oil, and then through the cylinders J and ]j, which are charged 
with caustic soda, burnt lime, an^ charCoal. Being thus purified 
from COj, HjS, moisture, and empyreilmatic matter, the gas is 
now either conducted into the abssorbers K and Kj for the manu¬ 
facture of liquor ammoni;B,or into the gas-holder^, from which 
the compressor hF’aspirates the gas and compress#! it, where- 
.upon it is liquefied in the condenser attached to M. 
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Various Processes for making Liquid A mmonia. 

Krebs (B. P. 17313, of 1897) gradually evolves from 
liquor ammonia; by heating, returns the vapour through the 
solution under treatment, separates thd aqueous vapour by 
cooling, and compresses the pure NH^ with further application 
of cooling. • 

Morris (U.S. P. 712704) describes a condenser for liquefying 
ammonia gas. ., 

Frerichs (U.S. P. 586950) purifies liquid ammonia by redis¬ 
tillation. According to his U.S. P. 905415, he heats commercial 
ammonium^ulphate to about 200’ C., in order to volatilize any 
carbon compounds, blowing»in air at the same time. He then 
raises the temperature first to 350", then to 400", in order to 
produce thereaction: (NHj).^S04= NH4HS04-I-N1-I,,. The free 
NHj is collected and condensed; the ammonium pyrosulphate, 
formed from the acid sulphate when heating to 400", is dissolved 
in water and employed for absorbing impure NHj. 

Pollard (B. P. 6274, of 1914) manufactures liquid anhydrous 
ammonia without mechanical compression, by placing the 
ammonia gas in contac'f with nitrate* of ammonia in a dry 
crystalline state, whereby the ammonia is liquefied in large 
quantities, forming a solution with the salt. On application of 
heat to this solution, the ammonia gas is freely given off again, 
and can be condensed into the liquid state, leaving behind the 
dry salt, ready to liquefy another quantity of g^s. All the gas 
is evolved at a temperature of 88°. A number bf other salts of 
ammonium, sodium, and potassium act in the same way as the 
ammonium nitrate. 

Hirth (U.S. B. 1100015) describes a cooling - apparatus, 
consisting of a condenser^.a receiver for the liquid ammonia, 
la receiver for the w^isfe gas placed above the ’condenser, and a 
connecting-piece* between the waste-gas reedver and the receiver 
for liquid ammonia. 

Muir (/, Gas Lighting', 1915, cxxix., p. 756) describes a 
plant for manufacturing liquid ammonia at a cost of $3203-07 
per 179 tons, as compared wjth $3596-57^ per 479 tons of 
Sulphate of aRunonia,' 24-5’ per. cent. It is convenient to 
prepare liquM ammonia only when and iMiere there is a 
market for it. 
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Storage and Carriage of Liquid Ammonia. 

Liquid ammonia is stored in the well-known steel-bottles, 
i.e., cylindrical vessels (bottles, drums) made of seamless 

t 



Fig. 292, Fig. 293. 


“ Mannesman!! tubes,” with a valve attached to them. Such a, 
bottle is shown in Fig. 293, on *4 scale 0/ i: island the valve^ 
in Fig. 292, on a la/ger scale, as*supplied by the raaschinenfibrik^ 
Siirth. ‘ . . ' . 

The following^ table shows the normal conditions for^ 
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Mannesmann bottles, intended for keeping and carrying liquid 
ammonia, for holding lo, 20, or 45 kg. 


Capacity m kg. liquid ammonia. 

10. 


, 20. 

4 i 


a In caae of rollnd tubes. 
h in case of oold<drawn tubes. 

1 '' . 

b 

1 

a 

b 



Centents, litres .... 

l8-6 

i8-6 

j 

37*2 

j 

37-2 

84-37 

84-37 

Outside diameter, millimetres . 

159-205 

203 

20 ^ 

203 

205 

1 203 

Thickness of plate, „ 

45-525 

4-5 

5-25 

4-5 

5'25 

4-5 

Length without valve, „ 

Empty weight, without valve, but 
inclusive of protecting cap and 

1190-780 

780 

1420 

1420 

i 

3010 

3010 

foot, kg.. 

35 - 27 . 

24 

44 

38 j 

' 1 

87 

73 


For carriage the lighter bottles are preferred as they are 
anyhow safe enough, on account of the lower cost of transit, 
since the weight of the empty bottle far exceeds that of its 
contents. For temporary storage larger cylindrical vessels of 
corresponding strength may be .used without hesitation, but 
such are not admitted for railway transportation in Germany, 
although for liquid sulpKur dioxide, cart)on dioxide, and chlorine 
such tank-wagons are allowed. 

The following rules have Been laid down for the transporta¬ 
tion of liquid ammonia by the German Railvfay Companies: 
“ Liquid ammonia rfiust be sent out in vessels made of wrought- 
iron, ingot-iron, or cast steel. These vessels must be officially 
attested to stand an internal pressure of 3b atmospheres, 
without showing any jfermanent deformation or leakiness; and 
this test must be repeated once every three years. ‘They 
must not in maxima contain more than i kg. ammonia for 
eacli S'86 litres cubic edacity. They must^in a corfspicuous 
place show the official statement of the weight of the vessel 
in the empty state, inclusive of valve and protecting cap, 
of the contents allowed, and the date of the last pressure- 
test.” 

According to experiments made by A. Lange, the danger of 
explosion is not materially moi^ased by the air generally con¬ 
tained in liquia»ammonia. Whes heating the steel bottles, the 
pressure ineftases gradually, uqtil the vessel is quite full; if the 
heating is continued, the pressure increases at first rapidly. 
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afterwards again slowly. If filled according to the German 
railway rules, the bottles can be heated to 65° C. without 
any fearonly two-thirds of the tested pressure is then 
attained, and the bottles never give way unless heated above 
68° C. 

The manufacture and testing of the vessels intended for 
liquid ammonia is describe'd in extcnso by Frerichs, in /. 
Ind. Eng. Chem., 1912, pp. 80-88, with many illustrations. 

Safety valves are not attached to drums for transportation, 
but only to stationary store-tanks for liquid ammonia. Such 
valves are made, e.g., by the Maschinenfabrik Siirth. 

For the carriage of liquid aiyimoHia as a cargo oh hoard ship, 
the English Board of Trade has issued regulations, according 
to which it must be packed in iron vessels, tested to a pressure 
of 675 lb. per square inch, and stored in a part of the ship 
beyond the influence of any heat from boilers or furnaces, 
and remote from the living quarters. The aqueous solution of 
ammonia, of sp. gf. 0'88o, should be conveyed in drums of 
about 12 gall, capacity, with an empty space equal to 5-33 per 
cent, left in each drum. The drums should be capable of 
withstanding a pressure 6f 66 lb. per s'quare inch, and should 
be packed in cases with no more than four drums in a case, 
the interstices being filled with sa'wdust; but for short voyages, 
as to Ireland or the Continent, no cases are required. The 
drums should not be, exposed to the heat of the sun or of 
a fire, and should not bg covered with a black tarpaulin. 
Ammonia solution of sp. gr. 0-959 and upwards is exempted 
from these prescriptions.' * 

The filling of the drums is carried out either straight from 
the condensing-worm, or from a store-tank by*means of a pipe 
with several branch-tubes, to which tkj drums, which stand on 
an automatic valve, are attached by spring-ke,el pipes. The 
bottles must not be filled quite up; a gas-space of 12j per cent, 
of the total contents must be left empty. , 

The drums , are closed bji a screw valve, as chown in 

Fag. 292, p. 1404, made of steel, provided with a lateral 

Tsranch for the gas. and a scrtw-qonnection for discharging, 

and protected by a screwed-down cap. *A valve^distinguished 

by small weight,'.together witl\ complete reliability, is the 

“arborventil” of the Aktien-Gesellschaft fur Kohlensaure- 
* • 
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Industrie at Berlin, shown in Figs. 294 and 295, in natural 
size. Its weight is only about 0700 kg., against 1-3 kg. 
of other constructions. The body of this valve consists of 



FiC. 294. FlO. 295. 


wrought-iron, the spindles, etc., of hardened cast-steel, with 
asbestos packings. 

The use of liquid aznmoBia in laboratories and factories 



Fio. .296. , 

. •* . 

is essentially ^oraote*d by such suitable discharging-valves. 
Another coftstruction of thqpe, viz., throttle-valve of the 
Aktien-Gesellschaft fiir Kohlensaure-Industrie at Berlin is 

4 U 
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shown in Fig. 296. This throttle-valve serves for regulating 
the outflow of gaseous ammonia from the drums; it consists 
of a spindle, with a toothed segment, movable by means of 
a volute-wheel in such a way that a slight turning of the hand- 
wheel causes only a hardly perceptible opening of the valve, 
and therefore only a correspondingly slight change in the 
quantity of the gas issuing. This throttle-valve is screwed on 
to the emptying-neck of the valve by means of a nut. For 
taking out some gas, first the drum-valve is opened, and then 
the current of gas is regulated by turning the hand-wheel on 
the throttle-valve. 


Properties of Commercial Liquid Ammonia. 

Commercial liquid ammonia is a colourless, easily mobile 
liquid, containing up to 99-9 per cent, of NH^ The impurities 
found in it are: water, pyridine bases, hydrocarbons of the 
benzol series, and lubricating oil, which remain on evaporating 
the ammonia as a strongly ■ smelling liquid of brownish-yellow 
colour. Sometimes inorganic solid substances are present, 
such as ferric oxide, which comes from the rusty parts of the 
machinery. 

Strombeck {Proc. Franklin Inh., vi., p. 92) found in six samples 
of American liquid ammonia from 96-98410 99-180 per cent. 
NHj, 0-010 to 0-079,water, 0-117 to '•644 “colourless liquid,” 
0-004 to 0-087 ammonium carbonate, 0-004 to 0-035 lubricating 
oil, and up to '0-007 per cent, sand, oxide of iron, etc. In the 
“colourless liquid” he found acetone, methyl-alcohol, ethyl- 
alcohol, and isopropyl-alcohol. Lange and Hertz {Z. angew. 
Chehi., 1897, p. 224) found in 20 kg. of liquid ammonia a 
residue‘of 187 c.c., consisting of water, pyridines, acetonitrile, 
ethyl-alcohol, ammonium carbonate, benzene, and naphtha¬ 
lene, a little lubricating oil and solid substances (ferric 
oxide). 

Complaints,have been made by the consumerc of liquid 
ammonia in the cold-producing industries that these impurities 
cause both a‘ diminished prodtatiqn of cold and an attack on 
the metal of the compressors^ According to Lange ( Wock f. 
Brau., XV., p. 93), sometimes tljese impurities cumulate in the 
machinery, and then produce a sensible damage to it. 
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Applications of Liquid Ammonia. 

The principal application of liquid ammonia is in the cold- 
producing industries; but also in chemical industries., 
especially that of aniline colours, it is more and more used in 
lieu of ammoniacal liquor (spirit pf hartshorn), and this is likely 
to extend more and more, since it is produced at a compara¬ 
tively low expense. Liquid ammonia not merely saves the 
cost of transit for the large amount of watef contained in liquor 
ammoniae, but has over this the great advantage that the 
ammonia contained in it can be used at will in the shape of 
gas, or in‘that of an aqueous solution ; and, moreover, that its 
storage requires much 18 ss room, and no fragile vessels, as 
carboys, etc. ^ 

Liquid ammonia is much employed as a solvent for chemical 
purpo.ses. E.g., Craig (Ger. P. 92172) utilizes the fact that 
it easily di.ssolves ammonium nitrate for separating this salt 
from potassium sulphate in the decomposition of potassium 
or .sodium nitrate with ammonium sulphate. 

Wilton (Ger. P. 113201) employs it for the purification of 
crude at.thracene, as the impurities are easily soluble in liquid 
ammonia, whilst anthracene itself is not so. He also (Ger. P. 
11367s) employs it for separating potassium from sodium q’anide, 
the latter salt being much more soluble in it tfian the former. 

Divers {Proc. Rop. Soc., xxi., p. 109) observed that by passing 
dry ammonia over ammonium nitt-ate a liquid containing 50 
per cent free ammonia is produced, which may lead to a further 
utilization of liquid ammonia. 

Considerable quantities of liquid ammonia are now used for 
preparing cyanidls. By the action of dry gaseous ammonia on 
fuseef sodium the IjighL^ reactive sodium amide, iJaNHj, is 
formed, which J^ffeger (Ger. P. 12&241 of tlje Deutsche Gold- und 
Si'lberscheide-Austalt) converts almost quantitatively into 
sodium cyanide by fusjon with coal, eventually with the 
intermediate formation^ of cWsodiumcyanamrde. The same 
. amide, according to Pfleger, can be employed as condensing 
agent, in the^place of, caustic'alkalies, for Kansforming phenyl- 
glycocoll into ihdoxyt, with mudi higher yie^, and it therefore 
plays an important part in the.manufacture of artificial indigo. 

Liquid ammonia has been [Jropo^ed fen inflating air-ships 
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to be gasified there, in lieu of hydrogen; but A. Sander {Chem. 
Zeit, 1915, p. 325) considers that there are various objections 
to this prdceeding. The lifting power of NHj is only 0-52 kg. 
per cubic metre, compared with i-20 kg. for hydrogen, and 
volume for volume it is ten times as costly as hydrogen. It has 
also a destructive action on the material of the envelope, and 
an unpleasant effect on the occupants of the air-ship in case of 
leakage; moreover, mixtures of ammonia and air between the 
limits of i 6'5 and 268 per cent. NHj by volume are dangerously 
explosive. 

Up to the present there are no statistics on the extent of 
the production and sales of liqyid ammonia. 

Analysis of Liquid Ammonia. 

The methods for this purpose are enumerated by Urban in 
his Laboratoriumsbnch filr die Industrie 
der verflussigten und komprimierten 
Gase, pp. I et seq. 

The direct estimation of the ammonia 
ofiers great dififidulties. As a rule only 
the impurities arc estimated, and the 
remainder' is assumed to be pure 
ammonia. 

The practical vhluation of liquid 
amneonia is confined to the estimation 
'ip of the residue left on evaporation, 
J without inquiring’ into its composition. 
Bunte and Eitner (/. Gasbeleucht., 1897, 
p. 174) allow the licyuid by its own 
pressure to enter from the steel bottle 
I’lG. 297. 3 into,a pipette P (Fi^. 2^7), and weigh 

the residue left on slow evaporation, after having at last heated 
the pipette to 70° or 80° in a current of ,dry air, with several 
caustic-potash bulbs attached, l This process, as Lange and 
Heflfter have shown {Chem. Ind., i89'8, p. 2), and Urban'has 
confirmed, is 'inaccurate, since ‘keqzene, acetonitrile, alcohol, 
and even pyridines are carried .away by the air fit the ordinary 
temperature. 

Urban {Chem. Zeit., 1897, p. 720) employs a pipette (Fig. 
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298), holding about 70 c.c., 30 mm. wide, contracted below into 
a S mm. tube, 5 or 6 cm. long, divided into c.c., whilst 
the remainder is divided into whole cubic centimetres. This 
facilitates the measuring of the ammonia and of the residue; 
the specific gravity of the former may be taken 
=0-617, that of the residue = 0-8, in the case of 
much water = 0-9. 

The Linde Ice-machine Company (Z. angew. 

Chm., 1897, p. 224) employ a glass tube, 27 mm. 
wide, with handle, contracted below into a tube 
9 mm. wide. It holds 30 c.c. up to the place 
where a yttle hole is made in the wider tube; 
the narrow tube contains 3 c.c. divided into 10 
parts. The apparatus is filled from the iron 
bottle until the liquid rubs out of the side hole; 
it is then allowed to evaporate, and the residue 
read off in per cent. 

Lange and Hertz (Z. mtgew. Chem., 1897, 
p. 224) object to this that the specific gravities 
of the liquid ammonia and tha residue are not 
the same, and that same of the latter may be 
mechanically carried away by quick evaporation, 
whilst on slow evaporation'water may be con¬ 
densed inside. They therefore employ a spacial 
tube, taking account of the differenj specific 
gravities (o-68 at —38° C. for NJdj, 0-9 as^the 
average of the residue). The upper part holds, 
up to the point 4^ c.c. 33-3 g. NH,; the narrow lower 
part I- 1, divided into 15 parts, each of them = o-2 pef cent. 
The whole is Ieft»for spontaneous evaporation, a nickel stopper 
bein^ put in the top of the instrument. The contertts of the 
tube boil regularly, *an(^ after three hours’all is finished, or 
in half an hour, if the narrow past is placed in water.—An 
error in this methocj is caused by the quantity of ammonia 
left in tlje residue (up*to 2^ per cent.);,but there is a 
simple way out of all the difficulties, and for ordinary 
purposes the just-described jaethod (whifh is much handier 
than any washing ^ith glasj-tap pipettes, and which is 
probably used more than an^ other by tHbse who have to 
deal with liquid ammonia) is sufficient. The manufacturers • 



Fig. 298. 
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ought to guarantee a maximum of i per cent, residue to be 
found by this method. 

An apparatus for testing liquefied ammonia has been con¬ 
structed by F. W. Frerichs, at St Louis {Amer. Inst. Min. Eng., 
28th December 1908 ; 'J. Ind. Eng. Cliem., 1909, pp. 362 et seq). 
He criticizes the methods used up to that time, which are 
founded on the fact that the impurities present in liquid 
ammonia have higher boiling-points than this compound. In 
America ammonia .is considered to be pure enough for the 
manufacture of ice, if a sample of 4 oz. does not leave a visible 
residue on evaporation. The attraction of moisture from the 
air during the sampling must be avoided as much a% possible; 
the sample is placed in a glass flasloabout 5 in. high, which is 
at once closed by a cork through which passes a glass tube, open 
at both ends and turned sideways belo'w, and is left to evaporate. 
But this test is inaccurate, because the impurities partly go 
away along with the ammonia. 

W. D. Richardson (/. Ind. Eng. Chem., ii., p. 96) reports 
on the work done by him with the method of Frerichs. He 
examined also the uncondensed gases, contained in the drums 
above the liquid ammonia, and found in these enormous 
differences, from 0'6 to 330 c.c. per gram of ammonia, which is 
lost on blowing these gases off.' According to him, normal 
liquid ammonia .should not contain upwards of O'l c.c. total 
residue per 100 c.c. of ammonia; the ifiicondensed gases, 
dissolved by the .liquid ampionia, should not amount to more 
than 0-6 C.C. per* gram of ammonia, and the drum should not 
show any perceptible loss of weight afcer blowing off the 
uncondensed gases. 

The analysis of anhydrous ammonia is«also treated by 
Lucion and Paepe {Bull. Soc. Chim> Belg., 1906, p. 34^; Z. 
angew. Chem., igoS, p. 497). Commercial anhydrous ammonia 
contains rarely as much as.99'9 per cent. NHj, sometimes down 
to 97 per cent. The impurities are; ipethylic, ethylic, and 
isopropylic alcohol, acetone, ^etonltrile, amines, ^jyridines, 
benzene, naphthalene, sometimes ammtbnium carbonate, a little 
lubricating oil, ferric oxide, sanoi^etc. The authors employ for 
its analysis a modification of Bpntfc and 'Eitner’c'method {vide 
supra, p. 1410). One hundred and sixty to 170 g. bf the liquid 
, ammonia is placed in a Kroecker bomb, and the gas issuing 
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from this is very slowly passed through three large (J-tubes, 
containing caustic soda, into a measured quantity of semi¬ 
normal sulphuric acid, contained in two bottles of .3.5 litres’ 
capacity, placed in succession and connected in such manner 
that the acid cannot get back. In th^ end dry air, free from 
COj, is passed through the apparatus; and the bomb is heated 
on a water-bath for half an hour. * The carbon dioxide present 
is estimated in another sample by absorption in aqueous NaOH 
solution. 



CHAPTER XiV 


THE COMPOSITION AND ANALYSIS OP AMMONIACAL LIQUOR, 
AND PROPERTIES OF ITS CONSTITUENTS 

We have seen in the preceding chapter that, by subjecting 
gases containing ammonia to a combination of cooling and 
washing processes, we obtain an aqueous solution of ammonium 
salts which we call “ ammoniacal liquor.” We do not in this 
place include liquors which are obtained by the direct action 
of sulphuric, sulphurous, or hydrochloric acid on such gases, 
but only those obtained by the action of water alone. The 
most important source of ammoniacal liquor is the purifying 
process to which B.-d.inary coal-gas must be submitted, and 
hence such liquor is commonly called “gas-liquor.” The 
solutions obtained from coke-oven jr blast-furnace gases are 
equally derived from coal, and are quite similar in character 
to gas-liquor, and they are treated in exactly» the same way, 
so that we shall in. the future always include them when 
considering thef former. This would also be the case with 
liquors obtained from gas-producers, if that method became 
a working process. Even the liquors obtained from "fermented 
* urine, or by the destructive distillation of bones and other 
animal'refuse (pp. 1154 and 1162), although not identical in 
composition with those derived from the treatment of coal, are 
so similar that the same'principles are followed in working 
them up into commercial articles. 

Composition of Ammoniacal Liquor. 

Ordinary gas|liquor contains the follojripg substances:— 

a. Volatile at Ordinary Temperatures, • 

Ammonium carbonates (mono-, sesqui-, bi-). 
Ammonium sulphide, (NHJjS. 

im 
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Ammonium hydrosulphidp, NH^. HS 

Ammonium cyanide. ‘ 

Ammonium acetate (?). 

Free ammonia.^ 

b. Fixed at Ordinary Temperatures. 

Ammonium sulphate. 

Ammonium sulphite. 

Ammonium thiosulphate (hyposulphite). 

Ammonium thiocarbonate. 

Ammonium chloride. 

Ammonium sulphocyanide (thiocyanate). 

Ammonium ferrocyanide. 

Also the salts of organic bases, especially those of the ' 
pyridine series; phenols, naphthalene, and other matters of 
a tarry or “ empyreumatic I’ character. 

The more important of these' substances will^ described 
towards the end of this chapter. The tejaj^Bxed ” in this 
case is not to be understood in its absolute sense, but in so 
far as the compounds of ammonia with carbonic and sulph- 
hydric acids can be rem#ved from their solutions by simply 
exposing them to a sufficiently prolonged boiling, certainly not 
in the state of unchanged vapours of ammonium salts, but 
dissociated into less complicated compounds; but the 
ammoniacal salts, called “fixed,” are not removed from their 
solutions by boiling, or are only very partially decomposed 
by most prolonged heating ol the solutions, so that the .r 
ammonia contained in them must be recovered by Jheating 
the solutions jvith caustic lime, which sets the ammonia free. 
This is an important distinction in the practical working-up 
of gas-liquor. 

’ The presence jof free ammonia in gas-liquor is doubted by many 
chemists, but is asserted by two competent observers, Gerlach and 
Tieftrunck (Wagner’s Jajiresber.* 1877, p. 1065). It must certainly be 
formed by hydrolytic 5 ctihn flbm ammonium salts. \j. M. Gill (_/, Gas 
Lighting, 19 ii, cxiv., p. 362) found in the gas-liquor from the collecting- 
tank of an English gas-worts 7-4 grains, from the hydraulic main 73-0 
grains fjpe ammonia per gallon. Cf. also the analyses of Wanklyn, Mayer 
and Hempel, and GrosJmann, quoted infra. 
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The pr6^’Dortion of the total ammonia to the “fixed" 
ammonia varies according to circumstances. Fixed ammonia 
naturally occurs in much larger proportion in the hydraulic 
main, where the first condensation takes place, than in the 
condensers and scrubbers; it may amount to more than 50 
per cent, of the total ammonia in the former, against i or 2 per 
cent, in the latter. This proportion is, moreover, influenced by 
the composition of the coal. E.g., the percentage of ammonium 
chloride in the gas-liquor will naturally depend upon the per¬ 
centage of chlorine in the coal distilled. The percentage of fixed 
ammonia will also be influenced by the temperature of the gas- 
retorts, by the temperature to which the gas-liquor has been ex¬ 
posed, by its exposure to the air (which oxidizes the sulphide into 
thiosulphate and perhaps higher than that), and by the general 
methods of washing and scrubbing the gas (J. H. Cox,/. Gas 
Lighting, etc., -Report of the Leeds Meeting, 6th Oct. 1883). 

Concerning the influence exerted the style of the retorts for 
gas-making on the composition of the gas-liquor, experiments 
made by Carpjjiter have had the following results;— 


• 

. 

■oWsJ 

l|l 

‘|f 

1. 

lej 

|3 

Ammonia, gnims per 1 . 

Grams ptr litre. 

Total. 

« 

* 

IS..S 

’I* 

■0 

li’ 

pOa. 

HsS. 

HON. 

HonzoQtal retorts . 

0*17 

3-13 

34-68 

2 ' 2 I 

32-47 

40-37 

3-84 

0-43 

suiting retorts 

trace 

5.25 

a 5-54 

5-33 

20>3I 

36-96 

J -95 

0*17 

PerpendiiMlar retorts 

trace 

6*11 

I 7 - 6 o 

4.32 

13-28 

13-86 

4-06 

0*50 


Bertelsmann {Lehrb. de Leuchtgasind, i.f p. 468) points out 
that no definite conclusions can be drawn from these figures, 
as there is no indication how far the results may have been, 
influenced by the othbr conditions of working. . 

Undoubtedly the composition of the gas-liquor is greatly 
influenced by thj fact whether the hydrpg^n cyanide has been 
washed out of 4 he gas or not, since this operation leads to the 
absorption of some ammonia and hydrogen sulphide {cf. eg. 
Bueb’s Ger. P. 112459). On this point Linder has made 
experiments, with the following results:—' 
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'When 

The ga8*liqaor grams per litre. 

washing out 
the cyanide. 

waehlng out 
the cyanide. 

Ammonium ferrog^ide .... 

0“I2 

lOI ' 

Cbloridea, calculated as HCl . 

7.76 

3-36 

Carbon dioxide. 

S 5 - 7 I 

ao -57 

Hydrogen sulphide. 

6-6i 

3-68 

Hydrogen cyanide. 

0.68 

0*03 

Ammonia, total . . . , . 

„ easily decomposable salts 

37.53 

19-15 

31-76 

14-68 

„ not easily decomposable salts . 

5-76 

4 ' 47 ' 

Sulphur as sulphide. 

73.80 

38-50 

„ as sulphate. 

0.70 

26-90 

,, as sulphoc^anide 

23-40 

33-40 

„ as sulphite and thiosulphate 

3-10 

ia>2o 


In the process of washing out the cyanide, part of the 
ammonia remains in the “cyanogen mud" in the shape of 
soluble and insoluble ferrocyanammonium compounds and as 
sulphate, and part of the “hydrogen sulphide in the sJjajre of 
ferrous sulphide; when working up this mud for^Srfro^anide, 
that part of the ammonia is recoveredM>Hii{Hiate or caustic 
ammonia. 

oxidizing action of the air is also of great influence on 
the gas-liquor. If air is itiixed with the gas before washing out 
the ammonia, t^e percentage of not easily decomposable salts 
in the gas-liquor is increased by the oxidation of the sulphur 
compounds. The same action takes place, if the gas-liquor 
is kept in stock for some time, as proved by Linder’s analysis 
of the same liquor before and after storage;— 


! Immediately 

In 1 litre there was contained : 1 after obtaining 

• the liquor. 

« 

after six months* 
storage. 

• I 

Ammonia, total . . . • « • 1 27 * 5 * grams 

,, as easily decomposable salts . .i 3 l“ 7 ^ „ 

„ as not easily decomposable salts . 1 5*76 „ 

Sulphur, total. I ^*55 u 

„ ai sulphate . . • • , o*7o per cent. 

„ as sulphocyanldc** • ♦ • • ! 23*40 ,ft 

„ as thiosulphate . > • | >1 • 

Carbon dioxide . . . ^ ! 25*51 „ 

Hydn^en shlphide .» 

Hydrogen CTanide . . . • ♦ •, 

Ferrodyanide, calculate!^ as HCN . • ■ 0*068 „ 

29*80 grams 
19*20 „ 
io*6o „ 

9*12 „ 

4*50 per cenu 
57'90 „ 

16*40 „ 

21*22 „ 

2*05 „ 

0*00 „ 

0-00 „ 
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Since b^the increase of the not easily decomposable salts 
the expense of working up the gas-liquor is increased by the 
greater consumption of lime, it is advisable not to keep the 
liquor ionger than necessary in stock. 

This has been especially insisted upon by J. H. Cox 
(/. Gas Lighting, 6th October 1883). The following tables, 
showing the composition of gas-liquor (pp. 1261, 1262), have 
been constructed by myself from the materials supplied in the 
paper by Mr Cox; but the thiosulphate is not, as there, 
included in the “volatile” salts, since experiments made by 
myself have convinced me that it decomposes on boiling hardly 
more than the chloride. 

According to Wanklyn {Gas-Engineers' Chemical Manual), 
virgin gas-liquor from the first parts of the plant may contain 
free ammonia, because this is more quickly absorbed than the 
oth^r constituents, but in passing through the scrubbers enough 
COj'ij c.h^orbed to convert all the free ammonia into carbonate. 
If the same'«:yijor is used over and over again for scrubbing, 
a good deal of the“'s«ij|ipnium sulphide is also converted into 
carbonate, HjS being given off. 

Detailed analyses of gas-liquor,,obtained under different 
conditions, are given by L T. Wright (/. Soc. Chem. Ind., 
1886, p. 655). ^ 

According tq information received by me from one of thq 
largest German ammonia-works, it is calculated there that 
liquor from English coals contains from 15 to 20 per cent. 6f 
. the totaF ammonia in the “ fixed ” state, that from Westphalian 
coals 5 ,to 10 per cent.; while in liquor from Saxon coal t^,.^ 
fixed ammonia may amount to two or three timqs as much as- 
the volatile. 

We will still refer to some recent analyses (by Mr Linder) 
contained in the Forty-second Report on Alkali, etc.. Works, for ■ 
the year 1905, pp. 35, 36. Many other analyses of ammoniacal 
liquors are given in previous alkali reports, and in the Forty- 
fourth Report,II et seq., where especialfy the proportion of i 
ammonium chloride to fixed ammonia.and the cyanpgen com- .• 
pounds are dealt with. ’ 



r. TcAU showing the Properties and CompoHHon of eight samples of Gas-Sguor obtained from the same 
but taken from different points in the Condensing- and Scrubbing-plant. 
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II. Table showing the Properties and Composition of various samples of Liquor from different Coals^ 
and from different points in the Condef^ing- and Scrubbing-plant. 
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From the same report (pp. 46, 47) we take the following 
tables' 


Distribution of Sulphur in Ammoniacal Liquors from 
Various Sources. 


Liquor 

(Averftge). 

h 

S 

■aa 

fit 

9 

Buiphur. Per ctmt. of total. 

Oxidation Products.' ^ 

Solphida. 

4 

m 

c. 

0 

n 

V 

0 

u 

» 

a» 

it 

S 

0 

Coke-ovens (9 samples) . 
Gas-works (6 samples) . 
Shale-works (i sample) . 
Iron-works (i sample) . 

27.9 

30'4 

9-7 

2'3 

3-2 

6-5 

4'5 

48.9 

6.7 

29*6 

Nil 

32*0 

6.7 

10*0 

43-2 

I9-I 

]6-6 

46- 1 

47 - 7 
100-0 

83-4 

53-9 

52-3 

Nil 


Distribution of Cyanogen in Ammoniacal Liquors from 
Various Sources, 
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Ammonium Salts in Recovered Sulphur from Claus-kilns 
(Gas-works and Coke-oven Liquors). 


B8ZZtp)«. 

Moisture 
per cent. 

4 

Per 100 parts 
(undrled) 
calculated as 

Hydrocyanic 
acid in luuor. 
Gnus. HCy 


NH;,. 

(NH4>j804. 

per 100 e.c. 

From Gas-works LiyuoR. 
Works I. 

First section 

Lumps, dry, crystalline; 
slightly discoloured. No 
smell ..... 

O'S . 

0-58 

2-25 


Second section:— 

Flowers and crystalline lump 
mixed; moist, discoloured. 
Smells of SO3 . 

6-7 

I-72 

6.67 


Third section 

Flowers; wet, pale yellow. 
Smells of miri»ne and SOo 

42.6 

0'20 

0-78 


From Coke-oven Liquor. 
Wotks 3. 

Hot end 

Lumps, crystalline; discol¬ 
oured and dark in colour . 


0-54 

2 >09 

0-039 

Cold end 

Flowers; dull yellow, moist . 


4 < 

0«27 

8'8l 



Further analyses of ammoniacal liquors from various sources 
are given in the Report, No. 43, pp. 33 et but the above- 
quoted analyses will be sufficient for our purposes. 

A table showing the variations of the constituents of gas- 
liquor which occur on keeping it during some time, whereby the 
sulphide passes over into sulphate, thiosulphate, and sulpho- 
cyanate, is given by Linder in /. Gas Lighting, 1906, p, 642 
(/. Gasbekucht., 1907, p. 1105). , 

The following analyses of gas-liquor, made by the most 
improved methods, are given by Mayer and Hempel in /. 
Gasbekucht., 1908, pp. 428 etseq. Jhey show that the differences 
between two samples of the mixed liquor, l^ken in winter and 
summer, are not very serious, but all the more so those 
between two samples taken at the 4 ame time, oite from the 
hydraulic main and the other from the well contaiiH'ig the 
mixed liquor. The volatile compounds in‘the former are only 
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one-fifth of those in the latter, owing to the higi^ temperature 
(nearly ic»' C.) ruling in the hydraulic main, which causes a 
considerable dissociation of the volatile compounds. The 
“fixed” ammonia comes out very similarly in both samples, 
but that is only apparently the case, the liquor in the hydraulic 
main being much more concentrated than the mixed liquor in 
the well. The figures mean grams per litre. 



Well. 

Jan. 27 , 1007 . 

Well. 

May 11 , 1907 . 

Uydranlic main. 
May 11 , 1907 . 

Total ammonia .... 

18.600 

17-152 

5-794 

Anftionia, volatile . . 

^5-320 

i 4 *o ()4 

2*916 

,, fixed .... 

Ammonium carbonate 

3-284 

3*088 

2*880 

40-834 

35-260 

4-751 

„ sulphide. 

2-803 

2-760 

0-730 

„ thiosulphate . 


1*227 

1-427 

„ sulphite. 


trace 

0*000 

„ sulphate. 

0-295 

0*228 

0*229 

„ chloride . 

7-404 

7-380 

7-216 

„ bulphocyaiiidc 

•• 

1*820 

1*000 

„ ferrocyanide . 


0-883 

0*119 

„ ^anide . 


0-0328 

0-035 


The following table gives a computation of the amounts of 
ammonia for the samples Jaken on nth May 1907, at the same 
time from the well and from the hydraulic main. The figures 
signify grams per litre, present in the shape of the salts 
enumerated:— • 



Well. 

Hydiaulic 

main. 

Total NH3 found by direct distillation . 

17-152 

|- 7'94 

4 - 75 ' 

„ as calculated from the sum of the 

component salts • ,. 

17*050 

NHo present as carbonate . . • . 

12*5000 

1*6850 


1-3796 

0-3650 

„ thiosulphate .... 

0-2820 

0-0981 

„ „ sulphate'. 

0-0588 

0*0590 

„ „ chloride ..... 

2-3500 

2.2971 

„ „ sulphocyanide. 

04072 

0*2240 

„ „ ferrocyanide . ^ . 

0*0224 

0*0080 

„ „ cyanide . 

• 

0-0464 

0-0136 


Hence "the liquor in’ the* well contains but a very small 
quantity of free ammonia (0-102 g.), but that in the hydraulic 
main the considerable amount of 1-043 g- P®'' owing to a’ 
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far-going dissociation of the carbonate and sulphide. This free 
ammonia malces the liquor from the hydraulic main especially 
fit for the wet purifying process. 


Valuation of j^mmoniacal Liquor. 

This is frequently done at the gas- and tar-works by means 
of the hydrometer, for the sake of convenience. But this process 
is most deceptive; for the ammonium salts raise the density of 
the solution in an unequal degree, and free ammonia lowers it. 
The following table by Seidel (Hofmann’s Bericht fiber die 
Wiener Ausstellung, i., p. 194) -proves how unequal are, the 
percentages of ammonia in different gas-liquors of the same 
specific gravity (at 15°)- 


Degrocs Bttuoiu . . 

2 \ 

2 * 5 . 

8". 

8 ’- 5 . 

4 \ 

4 ’ 5 . 

0‘. 

0*. 

Specific gravity. 

1.0138 

10163 

10208 

40249 

1.0280 

10316 

10352 

1.0426 

Pei cent NHj , 

m6 

I >42 
i‘ 5 o 
1.77 

1-30 

1-43 

1-63 

1.77 

1.98 

MS 

j .65 

1-63 

1.76 

i'90 

2>I0 

2.38 

2*45 

1.87 

2|C0 

2*24 

2.40 

2*72 

2-55 

2 - 72 ^ 

2.90 

3'40 

2.85 

3.06 

3.40 

3-53 

3.67 

3*74 


Similar observations have been made by T. H. Davis 
[Chem. News, xxxviii., p. 193), and the tables on pp. 1261 and 
1262, by Mr Cox, completely bear out the same conclusion. 
Fischer (/. Gasbeleucht., 1909, p. 278) also proves by the ex¬ 
amination of 28 samples of gas-liquor that there is no connec¬ 
tion between its specific gravity and its percentage of ammonia. 

It is therefore indispensably, to ascertain the ammonia 
contents of gas-liquor by chemieal methods. ^ If in one and the 
same works, gasifying the same raw material, frequent tests 
have shown an almost equal composition of the g^s-liquor at 
certain hydrometer degrees, the hydrometer may be ugf^ as a 
-check, not leaving out of sight that the formation of ammonia 
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is sensibly influenced by slight'changes in the humidity of the 
air, the temperature of gasifying, etc. * 

The analytical methods employed for gas-liquor comprise 
in all cases the estimation of the total ammonia and that of the 
volatile ammonia, the proportion of fixed ammonia being 
found by deducting the volatile' from the total ammonia; a 
complete analysis is only made exceptionally. For judging 
of the value of a liquor, the estimation of the total ammonia 
is most important; for the object of working it up, the estimation 
of the fixed ammonia and that of CO* and H.jS is necessary, 
because on this depends the amount of lime to be added in 
distillation, and to a certain extent also the dimensions of the 
distilling-plant These must in ail cases be ample, in order to 
make sure of regular work. In the modern style of apparatus, 
where COj and H^S are removed by dissociation, the addition 
of lime can be confined to that required for decompo.sing the 
fixed ammonium salts. , 


I. Rstwiation of the Volatile Ammonia. 

Frequently only the volatile ammonium salts are estimated, 
the ammonia of which is^iven off on distillation without lime, 
and is indicated by direct titration of the liquor with sulphuric 
acid, without heating. The ammonium salts with stronger 
acids, f.r., the sulphate, chloride, and sulphocyanide, were formerly 
left out of account, as the ammonia thus present hardly ever 
amounts to more than 0 3 per cent. 

The usual way is, to employ the ordinary .standard acid, 
which contains 004904 g. SO4H2 per cubic centimetre, and 
indicates 0-01703 g. NH^ When litmus is employed as 
indicator, a certain volume of gas-liquor, say 20 c.c., should 
be first supersaturated with staneferd acid (for which purpose 
40 c,c. will suffice in most cases), and boiled to expel all carbon 
dioxide and hydrogen sulphide; then the litmus solution is 
added and the excess of |icid retitrated by standard alkali 
(soda or seminortpal amiponia). In direct ’titration with acid 
a solution of litmus cannot be very well employed, because 
it is discoRjured'by sulpfiuretted hydrogen; in this case litmus- 
papai-^an be employed, which, after a little practice, does not 
take much time; or else some of the azo-colours are employed, 



1268 XMMONIACAL LIQUOR 

which permit exact working in the cold and are not affected 
either by COj or HjS, of which the best known is the “ methyl- 
orange.” It is the dimethylanilineazobenzenesulphonate of 
soda, and it is not to be confounded with the “ tropsolines,” 
which yield much less precise results.’ 

In England it is usual to state the percentage of gas-liquor 
in “ounces.” This refers to the number of ounces of real 
sulphuric acid (H^SOJ required for saturation by each gallon 
of gas-liquor, and the test is made as follows:—A standard 
liquid is prepared by diluting i6J oz. of real sulphuric 
monohydrate, HjSOj, with water to the volume of a gallon. 
The specific gravity of the dilute acid ought to be = i.b68, 
according to the usual statement. This prescription, however, 
is useless without, at the same time, stating the temperature. 
At 15° C. an acid containing in too parts by volume 10 parts 
by weight of real HoSO, will have the specific gravity 1.064 i 
it is, of course, much better not to jely upon a specific-gravity 
test, but to test your standard acid in the usual way, say, 
with pure sodium carbonate.^ 

The test itself is performed by measuring off 16 liquid 
ounces of the gas-liquor to be examined, and running in the 
test-acid from a measure or burette graduated to liquid ounces, 
till litmus-paper indicates neutrality. The number of the 
measures of acid indicates the number of jounces of real 
sulphuric acid required for each gallon of gas-liquor. It is 
generally supposed that each degree Twaddell corresponds 
as nearly as possible to 8 oz. of sulphuric acid; e.^., gas- 
liquor of 4° Tw. will saturate 8 oz. of acid. This, however, 
is anything but correct, as is best shown by Cox’s tables, 
pp. 1261’and 1262. It is therefore altogether misleading and 
objectionable, as used to be formerly done, to double the figute 
found by Twaddell’s hydrometer, and call this thq “ounces” 
per gallon. This is generally to the advantage of the buyer, 
for nearly in all cases the Twaddell degrees.x2 indicate far 
below the actual value of the liquof in ounces. 

The test as just described is cajled th^ "saturation test"; 

* Compare the author’s special direction! in the Technical Chemisti 
Handbook, 1910, p. 242. 

’ This operation is described in every text-book of Analytical ClvtS’'Stry; 
also in full detail in Lunge’s Technical Chemists’ Handbook, p. 241. 
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it indicates none but the "volatile” ammonia. If the test-acid 
is correctly made to contain loo g. of H2SO4 per litre, each 
ounce used in the test is equal to 0-3469 oz. of NH, per 
gallon, or 0-217 part NH, by weight per 100 parts liquor by 
volume. 

The estimation of ammonia iwthe presence o{p)’ridine bases 
is described lower down. 


2 . Estimation of Total Ammonia. 

(a) Methods for the Use of Workmen. —Knublauch (as quoted 
by Arnold, Ammoniak und Ammoniakpraparate, Berlin, 1888, 
p. 29) has worked out a simple testing-method for total ammonja 
in gas-liquor, intended to be used at small works where no 
chemist is employed, and he has constructed an apparatus for 
this purpose, sold by the designation “ Ammonlakprober,” by 
Messrs Leybold’s Nachfolger, Cologne. His process is carried 
out as follows: 100 c.c. of The gas-liquor is diluted to 500 c.c, 
after having added a few pieces of caustic lime. Shake well up, 
allow to stand for an hour, and filter 50 c.c. of the liquid into a 
beaker, adding a little rosolic acid as indicator. From a 
graduated cylinder add semi-normal acid, until a red colour 
appears. If the cylinder* had been filled up to the mark, the 
cubic centimetres used for the titration correspond to the per¬ 
centage of ammonia in the gas-liquor, taJiing regard of the fact 
that in the 50 c.c. of dilute liquor there «is as much lime 
dissolved as corresponds to 7-4 c.c. of semi-normal acid. ' It is 
asserted that this test is accurate up to o-1 or 0-2 per cent. 

Lubberger(/. Gasbeleucht.^xWl.,^. i; Z.angcw. Chein., 1899* 
p. 109) found that the necessary allowance for lima is quite 
different for different gas-liquors. He therefore proceeds as 
followsDistil 10 c.c. gas-liquor, with lime, placing 30 c.c. 
seminorraal acid into the receiver, and titrate back with semi¬ 
normal alkali. Dilute 10 c.c. of the same gas-liquor with distilled 
water up to 200 to 300 c.c., tint it yellow by a few drops methyl- 
orange, and from a, burette add seminocmal sulphuric or 
hydrochloric acid (not oxalic acid!), until the colour changes to 
red. It is not.necessary tQ boil the liquid. The difference 
between the acid used in the first and the second test is equal 
to tlie cubic centinretres seminormal acid, corresponding to tho 
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fixed ammonia. Make about eight such tests with gas-liquor 
of different Says and weeks, take the average of the differences, 
and add it to the acid used in direct titration, since experience 
shows that the percentage of fixed ammonia is nearly constant 
When using lo cc. of gas-liquor, each cubic centimetre of 
seminormal acid indicates o 45 g. per litre. The burette should 
be every time filled up to the zero mark, and a table should 
be drawn up showing the cubic centimetres of acid used, and 
the corresponding percentage of ammonia. 

Herting (/. Gasbelevcht., 1900, p. 8) points out that this 
method cannot be used in all cases, e.g., not for gas-liquor from 
Zwickau coal, since sometimes the percentage of fixed amifionia 
is very high and unequal. 

(b) Accurate Method{Distillatton Test ).—The sample of liquor 
or salt is distilled with caustic soda, lime, magnesia, or baryta, 
and the vapours are passed either into water, or better at once 
into standard sulphuric acid, the ynsaturated acid being after¬ 
wards determined by standard alkali {cf. conclusion of this 
chapter). Some prefer lime, baryta, or magnesia to the alkalis, 
on the (unfounded) assumption that the former are preferable, 
not splitting up organic alkaloids, while equally producing 
ammonia. , 

I have shown (/. Soc. Chem. Ind., 1883, p. 514) that lime, 
magnesia, or soda in excess liberate equally well all the 
ammonia from ammonium chloride (and hence, presurtably, all 
the “fixed” amfnonia); but'the distillation ought not to last 
less than three hours, otherwise the ammonia is not totally 
expelled. Hence, in analyzing pure ammonium salts it is 
indifferent which of the three fixed bases is employed, and 
caustic Soda, being the simplest and cleanest to use, is prefer¬ 
able to the others. The compound ammonias and other 
organic bases behave exactly like ammonia; they ^re liberated 
under these circumstances by either soda, lime, or magnesia, 
and there is no advantage to be derived from employing the 
latter. Lime or soda, on distillit\g them for three hours with 
an excess of ammonium chloride, liberate ,their full equivalent 
of NHj; but magnesia, on distilling for three to five hours, only 
about 85 per cent, of the theoretical 'quantity of NHj, possibly 
owing to the formation of a basic magnesium chloride^iiffieult 
■to decompose. Hence magnesia must always be employed in. 
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excess. For practical purposes it must be considered that the 
ammonia manufacturer does not treat his liquors with magnesia, 
but with lime, and that hence the latter indicates the yield to 
be expected better than the former. Berthelot and Andre 
{Bull. Soc. Cltim., xlvii., p. 835) have proved that certain 
ammonium salts are not at all decomposed by magnesia, even 
on boiling, and only partially by lime, while soda decomposes 
them entirely. 

The distillation test is very conveniently performed in the 



Fig. 251. 


ap'paratus shown in'Fig. 251. A is a flask, provided with a 
funnel-pipe,closed by a pinchcock,*for running in the caustic- 
soda solution ; b is the gas-delivery pipe, jsrovided with a bulb 
and cut off obliquely below, connected with the receiver B. 
The latter is connected witi the safety-tube c, dipping into 
the beaker C, to prevent pccidental loss by “spurting over of 
standard acid. 

At som6 works they ’dispense with the funnel-tube a, and 
even with the U-t“be B, employing an open flask as receiver. 
The flask A should hold about 400 c.c.; it is charged with* 
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25 C.C. of gas-liquor, to which is added 50 to 150 c.c. water and 
about 50 c.c? milk of lime; the cork is quickly inserted, and thus 
the connection made with the receiving-tube or flask, already 
charged with very dilute standard acid. The liquor in A is 
gradually heated to boiling, which is continued by a small 
flame, afterwards increased*; it is unnecessary to cool the 
receiver. The distillation, is sometimes interrupted after an 
hour; but this does not seem quite enough, and it is better 
to carry it on for three hours. 

In any case we would insist that the analyst convinces 



" himsel/ of the complete expulsion of the ammonia, by 
suspending, at the close of the distillation, a moistenfed piece 
of turmeric or other test-paper in the distillation vessel above 
the liquid. If this indicates any alkalinity whatever, the test- 
must be repeated. 

Stein and Schwkrz (Z. angew. Ckem., 1889, p. 318) prevent 
the carrying over of alkali by the arrangement shown in Fig. 
252. The vapours from the flask A jpass in B through the 
lateral holes, of the inner tube to' the cooler C. The part / 
of the receiver D contains • glass beads moistened with 
standard acid. 

Milne (/. Soc. Cheni. Ind., vi., p. 423) employs magnesia m 
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the following wayA 250 c.c. flask is closed by an indiarubber 
cork through which passes a drop-funnel and a sontewhat wide 
glass tube, leading to a cooler and a receiver charged with 
standard acid. The flask is charged with the substance to be 
tested together with 2 g. magnesia and (in the case of salts) 
60 C.C. water. It is heated till its contents are nearly dry; 
then 10 C.C. of water is run through the drop-funnel, the 
boiling is continued, and this is repeated several times; at last 
air is aspirated through the apparatus before retitrating the acid. 

E. Henry {Bull. Soc. Chim. [3], ix., 1018), in the case of gas- 
liquor containing much sulphide and cyanide, adds a little basic 
acetate of lime before distillation. 

The following details of the process have been found most 
suitable at the large works of Kunheim & Co., near Berlin. 
The bulk-sample is well ground up, the whole of it passed 
through a sieve with about 8 meshes per linear inch, and a 
small sample taken from it. Of this liquor about 15 g. are 
weighed out, and are dissolved to 500 c.c.; 50 c.c. of this arc 
introduced without filtering into a 300-c.c. flask and distilled 
with about 15 c.c. caustic-soda solution of sp. gr. i'25 for 
three hours; the evolved gas is absorbed in 50 c.c. of semi¬ 
normal standard acid, and titrated back with seminormal soda 
solution and litmus till purple. 

Oxalic acid h%s been frequently recommended as standard 
acid, but not just'y. It is difficult to obtain it perfectly pure, 
and impossible to make sure that ifc contains nlither too much 
nor too little water; hence the acid must always be tested in 
other ways; and when using it, methyl-orange and several 
other indicators cannot be employed.^ It is therefore best to 
employ at once, as cheaper and more stable, sulphuric or 
hydrochloric acid. The latter is preferable, since its strength 
can be exact^ estimated in two diffesent ways, viz., by titrating 
a known weight of freshly ignited pure sodium carbonate, 
or gravimetrically.by means of silver nitrate. The standard 
acid is either made normal, sp that i c.c contains 0-04904 g. 
SO4H2 or 0-03646 HCl^and indicates 0-01703-g. NHj, or else 
it is made one-half, one-fiftli, or one-tenth of that strength. 

* Briihns {i. anaf. Chem., 1916, p’p. 23 etseq.) found methyl-otange to 
be perffftiy suitable for titrating oxalic acid, if at least the equivalent 
proportion of calcinm chlhride is added. 
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The standard acid is kept in large bottles protected from great 
changes of temperature; whenever smaller stock-bottles or the 
burettes are to be filled with it, the large bottle ought to be 
shaken in order to mix its contents with any moisture evaporated, 
and again condensed in the empty upper part of the vessel. 
As standard alkali for retilrating the acid partly saturated by 
the evolved ammonia, some chemists prefer ammonia or 
caustic baryta to caustic potash or soda; but ammonia solutions 
are not sufficiently stable, and baryta solution (which is often 
used in agricultural laboratories) is much more troublesome to 
handle than soda or potash. 

Far preferable to litmus Ss an indicator is methyr-orange. 
For retitrating a solution of soda or potash can be employed 
without any special precautions against attracting carbonic acid, 
since this does not interfere with the delicacy of the test; and 
thus titration with caustic pota.sh or soda, with methyl-orange 
as indicator, is the most convenient of the methods described. 

L. W. Winkler {Z. angew. Chem., 1913, i., p. 231; 1914, 
i., p. 630) absorbs the ammonia by boric acid. He passes the 
ammonia, distilling over as described supra, into 100 c.c. water 
containing 10 g. crystalline boric acid, with good cooling, and 
titrates back with decinormal or fifth-normal hydrochloric acid, 
employing as indicator methyl-orange or congo-red. Bernard 
{ibid., 1914, i., p. 664) strongly recommetid;: this method. 

(c) Aaotometric Test .—This is founded on the fact that a 
solution of sodium hypochlorite containing bromine, or of 
sodium hypobromite, in the presence of a large excess of 
alkali almost instantaneously liberates all the nitrogen of 
ammonia salts. Such a solution is made by dissolving too g. 
of cauStic soda in 250 c,c. of water, cooling the liquid (best by 
ice), and running in, with constant stirfing, 2*5 g. of broAine. 
This solution does not keep very long, but it is decomposed, 
oxygen being given off. 

The azotometer mostly used is that .of Rnop, modified 
by Wagner (Fig. 253). A is th* flask for receiving the bromin- 
ated soda, holding 200 c.c., with an inner tube, a, sealed to its 
bottom. The neck of A is ground, to prevent the indiarubber 
cork from slipping. B is a glass vessel holding*about 4 litres 
of water; C a cylinder filled with water and a liUls. hydro¬ 
chloric acid (to prevent the growth of fungi), with a wooden lid 
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through which pass the two burettes c and d and a small 
thermometer. /i is a vessel communicating with the burettes 
by tap^, and filled,'like these, with coloured water. 

To make an analysis, e.g., of ammonium sulphate, lo g. of 
this are dissolved in 5CX) c.c. water, and too c.c. of this solution 


I 



Fig. 253. 


=0-2 g. of sulphate is introduced into a, *50 c.c. of bromine 
solution are placed in the oufcer space of A, the cork is put 
tightly in and the fljskt placed in the water-vtssel B. Tap/ 
is slightly loosened, tap g is opened, and by compressing the 
indiarubber Ifell i the burettes i:*and d are filled; by regulating 
at g th^ Igvel of the liquid is placed at zero. After ten minutes’ 
waiting, tap / is put' in tight, but kept open to see whether 
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the level in c rises: if it does not rise within five minutes, 
the contents of A have assumed the temperature of the water 
in B. Now about 30 or 40 c,c. water are run out of A is 
taken out of B and inclined so that some of the ammonia 
solution mixes with the bromine solution, the flask is shaken, 
and this is repeated until thfe liquids are completely mixed and 
no more gas is evolved. Then A is again placed in B and left 
for fifteen or twenty minutes to assume the temperature of 
the water-bath. The levels of c and d are now equalized by 
running water out of g, and the volume of gas contained in 
c is read off, together with the temperature of the water in 
C and the barometric pressure. 

The volume of gas read off is reduced to 0° and 760 ram. 
pressure by the formula; 

V = » 73 V(^-/) 

‘ (273 + 7)760’ 

r 

in which b is the barometric pressure (in millimetres), / the 
tension of aqueous vapour at the temperature t, t the tempera¬ 
ture of the water in C. This calculation can be simplified by 
tables, such as those calculated by myself, by Cl. Winkler, 
and others. It is also dispensed with by employing, in 
lieu of the azotometer, the “gas-volumeter” constructed by 
me (cf. my Sulphuric Acid and Alkali,, ipSa ed., vol. i., p. 
383, or my Technical Chemists' Handbook, 1910, p. 217), in 
which the gas is mechanically reduced to 0' and 760 mm. 
pressure. 

Each cubic centimetre of nitrogen, reduced to normal con¬ 
ditions, corresponds to 0001254 mg. N or 0-0015246 mg. NH,. 
These “figures would, however, give a wrong result if used for 
the azotometric operation without correction, a certain “ absorp¬ 
tion ’’ of nitrogen taking place, or rather the reaction not being 
complete. 

A correction must be applied on this amount, according to 
the subjoined table, experimentally determined by E. Dietrich 
for the case in “which 60 c.c. of liquid-'(50 of brominated soda 
and 10 of water) are used, of such strength that it is capable of 
liberating 200 c.c. of nitrogen. “This table shows the number of 
cubic centimetres to be added to the quantity found,jwhen'this 
quantity ranges from i to 100 c.c. 
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Correction for the Volume of Gas found by the 
Asotometric Method. 


Fosad. 

Add. 

Found. 

Add. 

Found. 

Add. 

Found. 

Add. 

Pound. 

Add. 

e.e. 

o.c. 

C.C. 

0 c. 

c.e. 

c.c. 

c.c. 

o.c. 

c.c. 

e.e. 

I 

o>o6 

21 

0-56 

41 

1 . 4 s 

61 

1.56 

81 

2.06 

2 

008 

22 

0.58 

42 

108 

62 

1.58 

83 

2.08 

3 

O-II 

23 

o.6i 

43 

I*II 

63 

I.6I 

83 

2*11 

4 

0.13 

34 

0.63 

44 

I.I 3 

64 

1.63 

84 

2*13 

i 

o.l 5 

35 

0*66 

45 

m6 

65 

1*66 

85 

3'16 

6 

0.18 

36 

0-68 

46 

I*i8 

66 

1.68 

86 

3.18 

7 

0*21 

37 

0-71 

47 

1*21 

67 

1-71 

87 

2*21 

8 

0-23 

28 

0.73 

48 

1-23 

68 

1-73 

88 

2*23 

9 

a-i6 

39 

0*76 

49 

1.26 

69 

1.76 

89 

2.36 

10- 

•0-28 

30 

0-78 

50 

• 1.38 

70 

1.78 

90 

2.28 

11 

0*31 

31 

0-81 

51 

I'll 

71 

1.81 

91 

2*31 

12 

0-33 

33 

0-83 

1 53 

1-33 ' 

72 

1*83 

92 

3.33 

13 

0.36 

33 

0*86 

i 53 

1-36 

73 

1.86 

.93 

3.36 

14 

0.38 

34 

0.88 

1 54 

1-38 

74 

1.88 

94 

2.38 

15 

0*41 

35 

0*91 

i 55 

I.41 

75 

1-91 

95 

3.41 

16 

0-43 

36 

0-93 

1 56 

1.43 

76 

1-93 

96 

3-43 

17 

0.46 

37 

0.96 

57 

1-46 

77 

1-96 

97 

3.46 

18 

0.48 

38 

0.98 

58- 

1-48 

78 

1.98 

98 

3.48 

19 

0.51 

39 

I«OI 

59 

i-Si 

79 

2*01 

99 

2.51 

20 

0.53 

40 

103 

60 

I -53 

80 

2*03 

100 

3.53 


Excepting the first few cubic centimetres, this table can be 
practically dispensed with by putting each cubic centimetre of 
gas read oflf=0-OOi28i8 N dt 0 0015582 NHj. 

The azotometj^ic method is more adapted for the estimation 
of smaller quantitie^of NH, in fertilizers, jtc.; for the analyses 
of commercial sulphate of amqsonia tjie distillatisn test (pp. 1270 
et seq.) is preferable. For rl gas-liquor it is not at all adapted, 
since the brominated liquor leacts on other organic constituents 
of this, and thus abnormally high results are produced. (Donati 
and Poliak, Z. angew. Chem., 1897, p. 555.) 

§ara S. Graves {f.^mer. Chem. Soc., 1915, xxxvii., p. H71) 
precipitates ammonia by a mixture of jnercuric chloride, sodium 
chloride, and lithium carbonate. 


Complete Analysis of Ammoniacal Liquor. 

• 

S. Dyson (/. Soc^ Ghem.^Ind., 1883, p. 22^) describes the 
following methods for a complete analysis of gas-liquor, taking, 
however, no Account of ofganit bases and other substances 
difficult tq estimate. 

(a) Determination of Total Ammonia. —Twenty-five c.t of 
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the liquor is boiled with magnesia, and the evolved ammonia 
collected in 50 c.c. standard sulphuric acid, which is afterwards 
titrated back with standard soda. Suppose this showed 2-04^ 
per cent. NHj. [Dyson prefers magnesia to lime, because in a 
check experiment, where he distilled the liquor with lime 
almost to dryness, 2’152 pir cent. NHj was obtained, which 
he, no doubt rightly, attributes to the action of lime on 
organic substances containing nitrogen. This action of the 
lime can be easily avoided by employing a more dilute 
solution, and not boiling to dryness. When employing 
magnesia, it must not be forgotten that its action is much 
less energetic and slower than that of lime {c/. p. 1270).] " 

(b) Determination of Total Sulphur. —Twenty-five c.c. of the 
liquor are allowed to fall, drop by drop, from a burette into 
water, acidulated with hydrochloric acid and containing some 
free bromine. The excess of bromine is evaporated off, the 
solution filtered from the preciphate formed (which seems to 
consist mainly of tribromophenol), and the sulphur precipitated 
as barium sulphate. This yields, we suppose in a special case, 
O'3915 per cent. S. 

(c) Determination of Sulphides. —Zinc sulphate and ammo¬ 
nium chloride are added to 25 c.f. liquor; the precipitate is 
filtered off and well washed. The filter-paper is perforated, 
and small portions of the precipitate arf f;radually washed 
through into water acidulated with hydrochloric acid, and 
containing an excess of bromine. When the whole of the 
precipitate has been washed through, the solution is heated 
to expel the excess of bromine, filtered, and barium chloride 
added to the filtrate. Suppose we obtain thus O'lpo per cent 
5=0-303 NH4.HS. 

(d) Determination of Carbonates.—ko ammoniacal solution 

of calcium chloride is added to 25 cc. liquor. The precipitated 
calcium carbonate is filtered off, dissolved in 50 c.c. standard 
hydrochloric acid, and the solution titrated hack with standard 
soda. Suppose we thus obtak i'795 per cent 002=3-916 
(NHACOs. ’ . ' - , 

(e) Determination of Chlorides.— c.c. are evaporated to 
dryness on the water-bath. [This might lead to some sal- 
ammoniac being volatilized!] Water, is added,»and the 
undissolved tarry matters filtered off The filtrate is mixed 
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with a solution of copper sulphate and ferrous sulphate in 
about equal proportions (in order to remove thiocyanates) 
-and the liquid again filtered. Nitric acid and silver nitrate 
are added to the filtrate and the solution is boiled. The 
precipitate is allowed to settle and the supernatant liquid 
poured through a filter. Before Anally filtering off the silver 
chloride, it is digested several times with hot nitric acid, to 
dissolve out the silver sulphide resulting from the decomposition 
of the silver thiosulphate. [This might easily lead to some 
AgCl being dissolved! Cf. infra, Herting.] The silver chloride 
is then filtered off and weighed. Suppose we obtain 0-944 Cl = 
■m 42 ?NH,C 1 . 

(f) Determination of Thiocyanate {Sulphocyanide). —This is 
not very easy, and is best done in the following way :—Fifty c.c. 
of the gas-liquor are evaporated to complete dryness, and the 
residue is heated to 100° for three or four hours, in order to 
make the precipitate of thiocyanate to be obtained later on 
less finely divided. The residue is then digested with strong 
alcohol, rinsed on to a filter, and washed with alcohol. The 
alcoholic filtrate is evaporated to dryness, water is added 
and the insoluble organic matter filtered off. A solution of 
ammonium thiocyanate is .thus obtained, tolerably free from 
other ammoniacal salts (especially thiosulphate) and from 
organic matter. ’This solution is precipitated by the addition 
of cupric sulphate and sulphurous acid (Which is preferable to 
ferrous sulphate as a reducing agen*); it is gently warmed (not 
boiled 1 ) and, after settling, the cuprous thiocyanate, CuCNS, is 
filtered off. It is then washed, into a flask, dissolved in nitric . 
acid, and the liquid boiled for a considerable time. The copper 
is then precipitated as oxide by caustic soda; the wSight of 
CuOx 0-96=the* equiv%ilent amount of NH4CNS. Suppose we 
obtain o-i8o J^H^CNS. [The volumetric method of Liddleand 
Barnes (/. Soc. Chem. Ind., 1883, p. 122) was found by Dyson 
to be inapplicable, to gas-liquor. But Linder [Thirty-ninth 
fAlkali Report, for 1902, pp. 22^231) holds that Dyson’s method 
for the estimation of^hkcyapate is not trustworthy.] 

(g) Determination of Sulphates. —Two hundred ^nd fifty c.c. 
are evaporaMd to -dryness? Whter is added, the organic sub¬ 
stances filtered off, and the solution boiled with HCl. A little 
^inc oxide is added, the liquid filtered, and the sulphates pre- 

4 M 
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cipitated with barium chloride. Suppose we obtain O'Oip per. 
cent. (NHJ2SO4. 

(h) Determination of Thiosulphates ,—This cannot be done 
by any direct method; but it ma^ be arrived at by subtracting 
from the amount of total sulphur that existing as sulphides, 
thiocyanates, and sulphates.' In our example 


Total sulphur.°' 39*5 

Sulphur in sulphides.o-igoo 

„ thiocyanates .• . . . O’oysy 

„ sulphates.0'0046 

- 0-2703 

Sulphur in ammonium thiosulphate .... 0-1212 


=0-280 per cent. (NH^ljS^Oj. 


(i) Ferrocyanides.—Vat residue obtained by evaporating 
250 c.c. of the liquor to dryness is dissolved in water, the 
solution filtered, and ferric chloride added to the filtrate. The 
precipitate of Prussian blue is filtered off, washed, and decom¬ 
posed by caustic soda. The ferric hydroxide thus obtained 
is, after filtering and washing, dissolved in dilute sulphuric acid, 
reduced, and the solution titrated with centinorraal potassium 
permanganate. The Fe x 5-07 ei^uals the amount of (NHJf 
FeCy^. Suppose we have found 0-0415 per cent, of this 
compound. » 

The result will therefore be that i litre of the sample of 
gas-liquor analj^ed contain* in grams;— 


Total ammonia . 

■ 20-45 . 


sulphur. 

- 3-92 


Ammonium sulphide, NH4HS 

. 3-03 = I-OI 

NH3, 

•„ monocarbonate, (NHjlaCOj 

. 39-16 = 13-87 

»> 

„ chloride, NH4CI . 

,. i4-a3 = 4-52 


„ thiocyanate, NH4CNS 

. I-80 = 0-40 

M 

„ sulphate, (NH5)2S04 . 

0-19 ii 0-0$ 

1) 

„ thiosulphate, (NH4 )jSj03 . 

2-80 = 0-64 

)) 

„ ferrocyanide, (NH4)4FeCyj 

0-41 = O-IO 

» 

• 

• 

20-59 



Herting {Schillings /., 1900, p. 206) confirms my doubts as 
to the accuracy of the estimation of chlorine,’suprd, at (c) He 
proceeds as followsDilute 10 c.c. gas-liguor to 25C4 c.c., take 
■ out SO C.C., add a few cubic centimetres nitric acid, decompose 
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the ammonium sulphide and carbonate by boiling, precipitate 
by an excess of silver nitrate, collect thfe AgCl, wash it on the 
filter with hot water, dissolve it on the filter by ammonia (the 
tarry substances remain behind), acidulate the filtrate with 
nitric acid, boil up, collect the pure AgCl on a filter, ignite with 
the usual precautions, and weigh, t Titration of the chloride with 
decinormal silver solution is not feasible, as the potassium 
chromate indicator does not work in this case. 

Cf. also in Chapter XV. the methods employed for the 
examination of commercial liquor ammonia;. 

./^great many valuable contributions to this chapter have 
been made by the inspectors under the Alkali Acts, and are 
' recorded in their reports. 

In the Alkali Report, 1896, p. 23, the remark is made that 
the estimation of thiosulphates by iodine is difficult in gas- 
liquor owing to the presence of phenols. It is therefore best 
to proceed as follows:—Add an excess of zinc sulphate and 
enough acetic acid to dissolve most of the zinc carbonate. 
Filter the ZnS, wash with water of 60° or 80“, pierce the filter 
and wash its contents into an excess of decinormal iodine 
^adding 2 c.c. concentrated hydrochloric acid, and washing the 
filter with a little dilute hydrochloric acid. Titrate back with 
decinormal thiosulphate, and calculate the thiosulphate in the 
gas-liquor from \h» difference between the total sulphur and 
that of the sulphide, sulphate, and thiocyanata. According to 
the same source, the estimation ot chlorides is performed as 
follows;—Dilute 10 c.c. gas-liquor, expel the volatile matters by 
prolonged boiling, dilute to 100 c.c., add 10 c.c hydrogen • 
peroxide solution, and boil twenty minutes, replacing the water 
evaporated; add potassium carbonate till the reaction is neutral, 
boil iill the brown-red colour has disappeared, clear up by 
means of a iittle sodium bicarbonafe, and titrate the cooled 
liquor with standard silver nitrate. • 

The Thirty-sixth Alkali Report,{or 1899,pp. 47 describes 

the methods of analysis employed by the chief inspector, Mr R. 
Forbes Carpenter. .The*se differ from former methods principally 
as follows :—jThe thiosulphate,is estimated by'diluting the 
filtrate from the mixed zinc sulphide and carbonate, adding a 
ftw drop# of strong hydrochloric acid, and titrating forthwith , 
with Njio iodine and starch, taking the first appearance of a 
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definite blue colour as the end of the oxidation of thiosulphate 
to tetrathioifete. 

The analytical methods employed by Mr Linder (whose 
tables are given on pp. 1259 et seq.) are fully described in the 
Fortieth and Forty-sixth Report on Alkali^ etc,, Works, for 1903, 
pp. 31 etseq. ; for 1909, pp. \%etseq. They may be summarized 
as follows r— 

1. Ammonia .— Volatile Ammonia (a) by direct titration with 

Nj2 sulphuric acid and methyl-orange, to determine approxi¬ 
mately the volume of acid required for (b). (b) Dilute 10 c.e. 
liquor (more if weak) to 30 c.c. in a round-bottomed flasl^ with 
catch-bulb, Liebig’s condenser'and receiver. Distil into a 
receiver, containing excess of Nj2 sulphuric acid, provided with 
outlet acid catch, packed with broken Jena glass. Distil 150 c.c., 
titrate back the excess of acid in receiver, then distil 100 c.c. 
into a receiver without acid (the amount of NHj in this portion 
is generally nil). . 

Fixed Ammonia.— boiled caustic soda in excess, with 
sufficient water to replace that distilled off, and proceed as 
above. 

2. Carbonic Acid. —Dilute 10 c.c. to 400 c.c., add 10 c.c. of 
ammoniacal calcium chloride (1 c.c,=0'044 g. CO2), heat in a' 
stoppered bottle for one and a half to two hours in a water-bath 
at 100°, cool, filter, wash, dissolve the CaCO, id Nj2 HCl. 

3. Chloride.-^T)iM& 10 c.c. of boiled liquor to 150 cc., add 
20 C.C. of hydrogen peroxidfc free from chloride, boil until the 
brown colour has almost eijtirely disappeared, add 10 to 15 

. drops KjCrO^ solution, boil for five minutes, cool, neutralize by 
sodium bicarbonate, and titrate with Nfio AgNOj. 

4. Sulphur (2) as Sulphate.—ConctnttsXs 2^0 c.c. of liquor 
to about 10 C.C. on the water-bath, add 2 £.c. strong hydrochforic 
acid, evaporate to dryness to decompose thiosulphate, extract 
the residue with wajer, filter, and precipitate the solution with 
barium chloride. 

(b) As Sulphocyanide (Thiocyanate).—To 50 c.c. of the 
boiled solution a‘dd ferric chloride in slighl^excess to precipitate 
the ferrocyaltide as Prussian bluei warm up the solution, filter, 
cool, add SO2 solution in sufficient excess, folloufed by cupric 
sulphate, allow to stand in stoppered flask for one to tjvo hours, 
' filter cold, wash the cuprous sulphocyanide thoroughly on the 
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filter, wash it back into the flask, boil with i c.c. strong nitric acid 
until green, cool, add slight excess of sodium carbenate, acidify 
with acetic acid, add a dilute solution of potassium iodide, and 
titrate the liberated iodine with Njio thiosulphate and starch 
(details in Thirty-ninth Alkali Report, for 1902, pp. 71-74). 

(c) As Sulphide, Sulphite, afd Thiosulphate. —(i) Titrate 
10 c.c., after dilution to 5CK) c.c., acidified with HCl, with iodine 
and starch. 

(2) Add 10 c.c. of liquor to excess of ammoniacal zinc 
chloride solution, filter, wash the ZnS on the filter with warm 
water, wash it off the filter into excess of A710 iodine, acidified 
with^HCl, and determine the excess iodine with Nl\o 
thiosulphate. The sulphite and thiosulphate are found by 
subtracting the sulphide found as above from the figure obtained 
in (I). 

(d) Total Sulphur. —Deliver 50 c.& drop by drop from a 
burette into a flask containing excess of bromine, covered by 
water strongly acidulated with HCl, evaporate to dryness, 
extract the residue with boiling water, and precipitate the 
filtrate with barium chloride.* 

(e) Polysulphide cannot exist in ordinary ammoniacal 
liquors, since it reacts witji sulphites and cyanides. 

Mayer and Hempel (/. Gasbeleucht., 1908, pp. 381, 403, 425) 
employ the foll<Swing methods :— Ammonia (a) volatile, is esti¬ 
mated by diluting with 10 times the amount of water, distilling 
and titrating the distillate; (b) fixad, by redistilling the residue 
with caustic alkali or lime; earbon dioxide, by adding ammoniacal 
CaClj, heating for two 'hours, cooling, filtering, and washing the. 
CaCC)3 in a good crucible and titrating; chloride and sulphide, 
by Linder’s methods (supror, p. 1282); thiosulphate, by adding an 
exiJess of the chloride* of strontium, zinc, and ammonia, washing 
the precipitate with dilute soluticai of strontium chloride, 
acidifying the filtrate and titrating the thiosulphate by means 
of iodine solution.. To determine the sulphite, the acidified gas 

liquor is titrated in the* same^ay, and the sulphide and thio- 

« 

, * In Chem. Tech. Udi. Meth., ^th ed., ii., 705 ,1 recommend to acidulate 

the liquid only^slightly, not strongly, Jo avoid an escape of HjS. Treadwell 
{Anal. Chem., and edl, il., 338) recommends employing as little potassium 
salts as passible in decomposing the bromine compounds. Mayer and 
Hempel (/. Gasbeleucht, 1908, p. 425) confirm both these recommendations.* 
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sulphate, obtained as above, are deducted, obtaining the sulphite 
by difference; thiocyanate, by Linder’s method {supra, p, 1282); 
sulphate, by boiling down with hydrochloric acid, extracting the 
residue with hot water, and precipitating the acidified filtrate 
with barium chloride; total sulphur, as in Dyson and Linder’s 
methods {supra, p. 1283); cyanide and ferrocyanide, as below. 

The processes for analysing ammoniacal liquor, described by 
Pfeiffer (Lunge’s Methods of Technical Analysis, translated by 
Keane, 1911, vol. ii., part 2, pp. 733 et seq.) agree in all 
essential points with those described by Dyson and by Mayer 
and Hempel {vide supra). 


Special Methods for Sulphides, Cyanides, Phenols, etc. 

W. Feld has published papers on the determination of 
sulphides, sulphides and thiosulphates {Chem. Ind., 1898, p. 372; 
/. Soc. Chem. Ind., 1898, p. 1186) and on mixtures containing, 
in addition to these bodies, thiocyanate and cyanogen com¬ 
pounds in genera! (/. Gasbeleucht, xlvi., 1903, pp. 561 and 660; 
/. Sof. Chem. Ind., 1903, p. 1068). A thorough examination of 
these methods with partly unfavourable results was made by 
Linder {Forty-first Alkali Report, for 1904, pp. 27-36). 

Mayer and Hempel {]. Gasbeleucht., 1908, p. 426) modify 
Feld’s method for estimating the cyanide as follows:—They distil 
250 c.c. gas-liquor, after adding a sufficient'quantity of 20 per 
cent, solution of lead nitrate^to keep back the HjS; the distillate 
is taken up in 25 cbm. standard caustic-soda solution, to which 
5 c.c. standard KI solution has been added as indidator. Such 
a distillation takes about half an hour. 

The.same authors declare Feld’s method for estimating the 
ferrocyanide to be the only practicable oae. They carry it out 
as follows250 (or 500) c,c. gas-liquor are placed in a covered 
glass dish and are just acidified. Then' add a solution of iron- 
ammonia alum untif a permanent fed colour has been produced, 
heat to 60°, allow to cool, filter ^through a plaited fiit?r, wash 
two or three times with water containing sodium sulphate,, place 
the filter in a, distilling-flask, heat for five *or ten minutes with 
3 to s c.c. of 8-normal caustia-soda solutign, add 35 c.c. of 
3-normal solution of magnesium chloride, stir up and add<to 
the boiling solution too c.c, .of a boilirtg A^io solution of 
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mercuric chloride. -After boiling for a quarter of an hour the 
decomposition is finished, a light brown precipit^e has been 
formed, and the liquid is quite clear. Now connect with the 
cooler and distil the HNC off in the usual manner. 

Carpenter and Linder (/. Soc, Chem. Ind., 1904, p. 585) 
estimate hydrocyanic acid in ammoniacal liquors by distilling 
the liquor with excess of tartaric* acid into caustic soda in an 
apparatus provided with receiver and Liebig’s condenser, 
similar to that employed for the estimation of fixed ammonia 
{supra,'^. 1282),lead nitrate being added in excess to retain the 
sulphide, and ferric chloride to convert any ferrocyanide present 
into Prussian blue, a substance which evolves no hydrocyanic 
acid under the observed conditions. The cyanide obtained 
in the distillate is determined by titration with decinormal 
silver nitrate or decinormal iodine in the usual way. 

The phenols in gas-liquor are determined by Skirrow (/. Soc. 
Chem. Ind., 1908, p. 58) by a modification of the well-known 
method of Messinger and VSrtmann {supra, p. 802), viz., distil¬ 
ling them off with water, converting them into tri-iodophenol 
by means of an excess of iodine and titrating back with thio¬ 
sulphate. In the present case the sulphides and cyanides must 
be previously removed, and the liquor on evaporation must be 
permanently and strongly‘alkaline. One hundred c.c. of the 
filtered gas-liquoj is treated with an excess of ammonium poly¬ 
sulphide, to convert’any cyanide present ipto thiocyanate. The 
solution is made up to 200 c.c., thg sulphides»are precipitated 
by lead carbonate. To 100 c.c. of the filtered solution, 25 c.c 
of a 50 per cent, solution of sodium hydroxide is added and 
the whole evaporated until the salts begin to separate; the' 
residue is washed into a litre distilling-fiask and djjuted to 
about 150 c.c. with distilled water, and when cold, acidified with 
sulphuric acid. The liquid is distilled until the salts begin to 
crystallize out ; we thus obtain “ distillate i.” One hundred c.c. 
is added in the distilling flask, and the liquor again distilled 
into a second receiver, giving “ distillate 2.” This is repeated 
a third time, giving “ distillate* 3.” Each of these distillates is 
shaken with about i*g. of chlcium carbonate ane^ a little lead 
carbonate (t» get fid of any aoid and sulphides carried over), 
and redistilled. In doing this, No. i is distilled first, No. 2 is 
then added to the flsfsk and distilled. No. 3 being distilled last.. 
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The final distillates are united and made up to 500 c.c. One^ 
hundred c.c* of this aft made alkaline with NaOH, warmed 
to 60° C., an excess of iodine run in, the flask immediately 
stoppered and cooled with frequent shaking. Then the solution 
is acidified and titrated back with one-tenth normal sodium 
thiosulphate, starch being usjd as indicator. About 4 mol. of 
NaOH to each mol. of phenol should be used in the previous 
neutralization, to produce a sharp transition from blue to 
pink, and for this purpose a preliminary test is made, and 
followed by a final test. The reaction is:— 

QHjOH -H 61 = QHjIjOH -H 3 HI. 

On acidification the excess of‘iodine, which had passed over 
into NalO-t-Nal, is set free: 

NalO + Nal-l-HjSO,, = NajSO^-t-H.O + Ij, 
and can be titrated. 

Skirrow quotes a large number of estimations made in 
this way, showing generally 0-2 to 0'3 g. phenol per too c.c. of 
gas-liquor, and O'l to O’19 g. in coke-oven liquor. A further 
examination showed that the phenols in gas-liquor contain 
about 6; per cent, of pure phenol and 35 per cent, of cresols, 
etc., owing to the fact that pure phenol has more strongly acid 
properties than its homologues, and is therefore more easily 
taken up by the ammoniacal liquor. As the qi»antity of phenols 
obtained from the coal-tar amounts to about 0-24 kg. per ton 
of coal, there is’nearly as ^luch phenol lost in the gas-liquor, 
which cannot be expected to be turned to any account. 

Pyrocatechine was found by Bornstein {Ber., 1^2, p. 4324) 
■'in the ethereal extract from the aqueous distillate, obtained by 
distilling coal at a very low heat. 

The estimation of pyridine in ammoniacal liquor is important 
for the manufacture of aghydrous ammonia intended for ice- 
producing machines, since the pyridine causes* very much 
trouble in the amrilonia compressors. Pyridine, according to 
Pinchbeck {Pharm. J., 1909, p.^84; Ji Sol Chem. Ind., 1909, 
p. 202), is detected in ammoniacal liqjior as follows:—Dilute 
50 c.c. of th? liquor, neutralize wifh HCl, render alkaline with 
NaOH, and shake with 10 c.c. ohlorcJform. Xo one-half of the 
chloroform extract add 0-25 c.c. strong hydrochloric ^acid and 
, 2 drops of a solution of bromiqe in chloroibrm. In the presence 
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of a small quantity of pyridine, a crystalline bromo-corapound, 
CsH^Brj, is precipitated. The other half of the extract is 
exposed to a current of warm air; the residue left will have 
the characteristic odour of pyridine, if this be present. For 
a quantitative estimation, lOO c.c. of the ammoniacal liquor, 
diluted with lOO c.c. water, is nej^tralized with sulphuric acid, 
rendered alkaline with NaOH, diluted to 400 c.c., and distilled 
until one-third has passed over. Thb distillate is treated with 
10 g. mercuric chloride, dissolved in 150 c.c. water, the precipi¬ 
tate filtered and washed with cold 92 per cent, alcohol, whifch 
dissol/es the compound of pyridine with HgClj. This solution 
is nSfitralized, diluted to 400 *0.0., and slowly distilled. The 
distillate should not require for neutralization (indicator: 
methyl-orange) more than 2 c.a, one-tenth normal NaOH, 
equal to 0-00948 per cent, pyridine. 

A. Bayer (/. Gasbeleuckt., 1912, p, 513) points out that 
for the titration of pyridine in ammoniacal solutions 
litmus and ph,enolphthalein are useless. Methyl-orange can 
be employed if the titration is made from acid to alkaline 
reaction by means of barium hydrate; the indicator must be 
put into the acid solution only up to a faint pink colour, and 
the baryta solution must^ be added until the colour of the 
solution, after thorough agitation, is golden yellow, without 
any shade of pink. A very good indicator in this case is 
ferric sulphocyaniie, applied in the following way.—To the 
liquid containing free ammonia or pyridine are added a few 
drops of a solution of 0-75 g. ferric chloride in 230 c.c., and 
a solution ’of 6 g. ammonium sulphocyanide in 250 q,c., then 
sufficient A^/io hydrochloric acid to produce an acid reaction; 
the red-brown liquid formed is neutralized by Nlio caustic- 
soda solution u'{) to the point that all the ammonia or pyridine 
is converted into neutral salts, which at ordinary temperatures 
have no action on the ferric hydrate formed from the ferric 
sulphocyanide. Now A^io caustic-soda solution is added up 
to the point that the liquid i^altogether colourless, without any 
brownish shade. I^pjiridine is to be estimated in the presence 
of a great excess of ammonia, the well-known process is 
employed: distilling the liquid after having almost completely 
neutralised- it with sulphuric acid (as indicated by litmus); 
and collecting a third of the liquid' as distillate, which contains 
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all the pyridine in a more concentrated form, together with 
a certain pi;oportion of ammonia. In this distillate first the 
ammonia is titrated by means of Njlo acid, using litmus paper 
as indicator; then the litmus paper is removed, a suitable 
excess of acid is added, then both the indicator liquids 
described supra, and the excess of acid retitrated with NjlO 
caustic-soda solution. ' 

Since the application of litmus paper frequently leads to 
mistakes by the slowness of the reaction, Bayer‘has introduced 
a-modification of a method for estimating ammonia in the 
presence of pyridine, formerly described by him {Chm. Zeit, 
1903, p, 809), which yields quite .correct results. It consilts in 
precipitating the ammonia in the alkaline solution as ammonia- 
magnesia phosphate, whilst pyridine does not form such a 
double salt, and after filtering the solution from the precipitate 
is obtained by distillation as a pure aqueous solution, which 
can be titrated. The reagent for precipitating the ammonia is 
prepared by dissolving 2-5 g. caustic magnesia in hydrochloric 
acid as nearly as possible to neutralization, adding 25 g,. 
crystallized disodium-phosphate and 50 g. citric acid, then a few 
drops phenolphthalein solution, and so much caustic soda that 
the reaction is barely acid, and ultimately diluting to 250 c.c. 
This solution is approximately on^-fourth normal and keeps 
well. If this reagent is added to the distjllate containing 
ammonia and pyridme, no matter whether this has been 
collected in acic^ or whether it is alkaline, and then caustic- 
soda solution is added, drop by drop, up to the point that 
a pink colour is just appearing, the secretion of thd ammonia- 
'magnesia phosphate at once sets in and is promoted by good 
stirring.. As the ammonia is thus removed, the liquid turns 
acid; therefore a little more of the reagent %nd of cauatic 
soda is added until the pink colour returns and remains. After, 
agitating for an hour at the ordinary temperafure, all the 
ammonia is precipitated. The precipitate is filtered with 
employment of the air-pump, and the ^recfpitate left on the 
filter, which need mot be washed with pu|;e water, is put together 
with the filtqr into a distilling flask where the ammonia is 
distilled off after adding some waiter aftd magnesia. • In order to 
estimate the pyridine contained in the filtered solution, this, 
is distilled and yields an aquepus solutiori, entirely free from 
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ammonia. It is caught in Njio hydrochloric acid and titrated 
with the indicator solutions supra described. 

By this method Bayer found the following quantities of 
ammonia and pyridine (grams per litre):— 

Ammonit. Pyridine. 

In crude gas-liquor . . . 1-342 0-1669 

In crude gas-liquor . . * . 1-025 0-1583 

In the liquor condensed behind,- 

the cooler .... 23-54 3-1632 

In liquor ammonite, sold as 

chemically pure . . . 25-15 0'i754 

In liquor ammonia;, technioally 
^ pure ..... 25-20 0-1063 

Houghton (/. Ind. Eng. Chem., 1908, i., p. 698) estimates 
pyridine in ammoniacal liquor after destroying the ammonia. 
He dilutes 100 c.c. of the liquor with 150 c.c. distilled water, 
neutralizes with dilute sulphuric acid (i: 3) up to the change 
of colour of methyl-orange, adds $ c.c. of Njio soda solution 
and distils, making the vapours pass through icx) cc, of a 
solution of sodium hypobromite (prepared by adding 25 c.c, 
bromine to a solution of 100 g. caustic soda in a litre of water), 
and then through Njio acid. The ammonia is destroyed by 
the hypobromite solution with liberation of nitrogen, so that 
the Njio acid takes up only the pyridine, the quantity of 
which is found oy setitrating the acid. Each cubic centimetre 
of acid = 0-0079 g. pyridine. * , 

In cases where the gas-liquor Jontains a large proportion 
of pyridine,-Redwood agitates too c.c. of the liquor with 25 c.c. 
normal soda solution and 50 c.c, refined petroleum* spirit,- 
which by prolonged shaking takes up the pyridine bases, so 
thaj the ammcuiia can be titrated by itself in the ‘aqueous 
liquid separated from the petroleum spirit. 

D^ 16 pine‘and Sornet {Bull. Set. Chint. [4], ix., p. 706) 
describe methods for separately estimating ammonia and 
pyridine by gold chloride, or platinum chloride, or mercuric 
chloride solution. 

Examination of Coticentrated Ammoniacal 'Liquor. 

For this purpose the German Union for the Sale of Ammonia 
has given the following prescriptions. 
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The concentrated ammoniacal liquor should contain at least 
14 per cent, ammonia. The percentage of ammonia is ascer¬ 
tained in the following wayTwo average samples are taken 
from the contents of each tank-wagon before sending it away, 
One of these is examined m the works’ laboratory, and the 
result communicated to the buyer, who on his part examines an, 
average sample and communicates the result to the Union. If 
the analyses are not concordant, any differences up to 0-5 per 
cent, are halved. Any greater differences are settled by mutual 
concessions, or else by the decisive analysis of the second 
"sample, which had been retained at the ammonia works, made' 
by a public laboratory, whose results are in any case bh'iding 
for both parties. The costs of this analysis must be borne by 
that party whose results deviate most from it. 

Estimation of Ammonia in Spent Oxide of Gas-works. 

The percentage of ammonia m spent oxide, according to J. 
Carter Bell (/. Soc. Chem. Ind., 1883, p. no), is often returned 
in extremely varying quantity by different chemists, according 
to the method of analysis employed. He recommends the 
following method as being analogous to the manner in which 
the oxide can be worked up commerciallyIf the oxide is 
poor in ammonia, 10 g. are heated in the water-bath till dry. 
This will give the moisture, and also drive'off any volatile 
ammonia which fanndt be profitably collected in practice. The 
oxide is then washed with foiling water till free from ammonia 
salts, filtered, and the washings put into a flask. Milk of lime 
• is added, the contents of the flask are boiled, and the NHj is 
driven over into sulphuric acid. The certificate is made out 
as amnionia equal to sulphate; for in^some.cases so n^uch 
sulphocyanide (thiocyanate) is present as to unfit the salt for 
manure-making. Bell suffposes (but wrongly) that the sulpho¬ 
cyanide is not decomposed by lime, whilst it would be so by 
soda.' If, instead of the solution, the o;cideitself were directly 

‘ I cannot otherwise understand his expression—“Even if the ammonia¬ 
cal salts are washed out and boiled with strong so8a, the results will be too 
high, owing to the sulphocyanides ^aken jn connection with the preceding 
paragraph, where milk of lime is prescribed as the proper way of treating 
the liquor. But a simple experiment shows that milk of lime eqttally expels 
' the ammonia from ammonium sulphocyanide. 
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boiled with lime or soda, very much nitrogenous matter would 
be split up and would also yield ammonia, which would falsify 
the test. 


Properties of Ammonia ^nd its technically 
Important Salts. 

Ammonia, NHy 

Physical Properties .—Colourless gas, of pungent smell and 
sharpfllkaline taste. Common'ammonia, owing to its admixture 
of organic bases (pyridine, etc.), has a much more disagreeable 
smell than pure. Sp. gr. 0-5967; i litre at 0° and 0 76 metre 
pressure, according to the most exact determinations of Guye 
and Picoza (1908) weighs 0 7708 g. Perman and Davies {Proc. 
Roy, Soc., 17th May 1906) found practically the same value, viz., 
0-77085. Coefficient of expanSion between 0° and 20° =0-003914, 
between o'’ and 100° =0-003487. Vapour-tension (according to 
Bunsen, Pogg. Ann., xlvi., p. 95) 

At - 33°-7 = I atmosphere. 

1) ' 5i - 4 atmospheres. 

„ o" = 4-8 „ 

•. „ + 10° = 6-5 „ 

* „ + 20“ = 8-8 „ , 

• 

Specific heat of gaseous ammonia 0-5009 at 0°, 0-5317 at 
100°, and 0-5029 at 200°. The heat of formation of ammonia 
from the elements is, according to Thomsen =11850 cal.* 
Haber and Le Rossignol (Berl. Ber., xl., p. 2144) fouijd it for 
temperatures from 700'’ to 1000° = 12,000 to 12,800 cal. Nernst 
(Z. Elektrochem., 1910, p. lOO) gives it for various temperatures 
as follows (for NHj);— 

20 ". m\ 700 ". 850 ". 1000". 

12,700 13,43s *14,915# 15,110 14,950 calories. 

The same author gives^ for the molecular heat of ammonia 
the equation* * ' 

C,;= 8.62-p 0.0020/4-7.2 —;. 

* • 1 o** 
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Numerous papers on the properties of ammonia have been 
published by Haber in the Z. Elektrochem., 1914 and 1915. 


Anhydrous Liquid Ammonia. 

Dry gaseous ammonia liquefies at 0° and a pressure (Jf 
4-19 atmospheres, or at ordinary pressures at -40° to -50°, 
forming a colourless, very mobile liquid of strong, light- 
refractive power, whose physical constants have been found 
by Dewar as follows 

• 

Critical temperature . . + 130° 

Critical pressure , . 115 atmospheres 

Normal boiling-point , . - 33°7 

Fusing point . . • - 75 ° 

The boiling-point of liquid ammonia is stated differently by 
different authors, principally owing to an under-cooling of the 
remaining liquid portion by the evaporation. Bunsen found 
the following values at different pressures:— 


1 atmosphere .... 

2 atmospheres . . • . 

3 .. 

4 11 ...» 

* 

5 .... 

6 „ . • . . . 

Regpault states the boiling-point at 760 mm. pressure 
= -38'’'5; Loir and Dryon= —35°7,Lange=-33°7; Dewar 
vide supra', Gibbs =— 33'-46, which is confirmed by E. C. 
Franklin {Ann. Phys. [4], xxiv., p. 367). * * * 

If a current of air is .passed through liquid .ammonia, it 
evaporates rapidly, and temperature goes down to —80°, part of 
the liquid solidifying into white, transparent crystals, fusing at 
-75°-5. of higher specific gra¥ity tlian that of the liquid 
ammonia. 

The heat 'of evaporation for one g. mol. NHj was found by 
Regnault and Forcrand about Jooo cal. at i‘5°; af the boiling, 
point=5600 to 5730. Hence ammonia has a greater sevapora- 
•ting-heat than ail liquids, except water, which explains^ its; 


- 36“8 
- J 5 °-o 



+ I'-S 
-h 6”-5 
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extensive use for cold-producing machines. The melting-heat 
of ammonia, according to Massol, is =1838 caL (water =1440 
cal.). 

The vapour tension of ammonia, according to R'egnault, is as 
follows (in mm. of mercury):— 



Ellean and Ennis (/. Franklin Inst., 1898, pp. f4S, 189, 280) 
found the specific'heat of liquid ammonia =i'0206 at 10° C. 
For othentemperatures the formula 0 9834+0-00365 r must be 
used. 
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The following table (from Erdmann’s Anorg. Chem., 
1906, p. 2i;2) is of great importance for the manufacture 
of ice, as it shows the dependence of the degree of cold 
produced by the evaporation of liquid ammonia from the 
temperature 


Temperattire, 

" 0 . 

Pressure, 
grams per sq. 
c.c. 

Tlie gas occupies 
per gram c.c. 

Calories taken up 
by evaporation, 
per gram. 

Absolute 

temperature, 

“C. 

-40 

720 

1607 

332-7 

233 

-30 

1190 

998 

330-6 

2^ 

-20 

1900 


327-2 

2?! 

-10 

2920 

432 

322-3 

263 

0 

4350 

298 

3 i 6 -i 

273 

-tio 

6270 

211 

308-6 

■ 283 

+ 20 

8790 

154 

299.9 

293 

+ 30 

I 20 I 0 

114 

289-7 

303 

+ 40 

16010 

87 

278-0 

313 


Liquid ammonia is a bad conductor for electricity. An 
addition of water strongly increases its conductivity. Some¬ 
times the liquid assumes a blue colour on passing the current 
through it; according to Cady (/. Phys. Chem., i., 707) this is 
cailsed by a slight content of alkaline salts which cause the 
formation of alkali-ammonium {vide infra). .• 

Liquid ammonia in many cases behaves like water, forming 
molecular compdunds which behave like the hydrates. It has a 
strong solvent power for many inorganic and organic substances, 
and, like water, it ionizes the dissolved substances; the 
' conductivity of such solutions of salts is frequently greater than 
that of their aqueous solutions (Cady, loc. cit.). The dissolving 
power of ammonia has been specially treated* by J. Bronn, in 
his book, Verfiiissigtes Ajnmoniak als Lbsungsmittel (Berlin, 
Julius Springer, 1905). Cf. also Amer. Chem. 1899, pp. 8 
et seq. It dissolves sulphur, phosphorus, selenium, rubidium, 
caesium, lithium, potassium, sodium, Ithe two last-mentioned 
with formation' of raetal-ammoniunv compounds. Of in¬ 
organic salts.it does not dissolve t^e fluorides, but the alkaline 
chlorides, bromides and iodide, cyanides, syanates, thiolhian- 
ates, nitrites and nitrates. Sulphates are little or pot at all 
' soluble. 




' '' 'I ^ * 

' V ' , ' ‘ 

mem-ammonmin comptmds, 


KsAs.NHbj. 


' Vety iitteresting are the 

j&i{^iaily those of the alkali' metals, whicH are also 
^(^med froA gaseous ammonia and alkali metals under high 
^pressure, probably after previous liquefaction of the ammonia; 
^IMoi^n ^Comptes rend., cxxvii., p. 68$) has studied them 
i& detsUl. Gaseous ammonia acts, with liquefaction, with 
iithium at 70°, with calciunx at +20°, with potassium at 
-•2°, with sodium at -20°. From a solution of one atom 
of sodium in ao mols. of liquid ammonia, on removing 
' the ammonia dark red sodium-ammonia is separated, which 
at ordinary temperatures dissociates into sodium amide 
and ^ater. The ammonium ■•metals have highly reactive 
powers, and act on 'metals with formation of other 
ammonium compounds. Such are, e.g., Na^ AsN H 
NaPb,(2NH,). 

^ In concentrated sulphuric acid, according to Loir and 
Dryon {Bull. Soc. Chim,, i86c^ p. 184), liquid ammonia is not 
soluble at low temperatures, and combines with it only quite 
gradually. 

Among organic compounds, those of the methane series are 
little or not at all soluble in liquid ammonia; easily soluble are 
benzene and toluene, much less so naphthalene, anthracene, 
phenanthrene, etc. Easily soluble are aliphatic halogen 
compounds, alcohols, ether, aldehydes, and esters, nitrogen 
compounds, oxygen acids, and sugar; little soluble are aromatic 
'halogen and nitrogen compounds. Easily soluble are aromatic 
amides, phenols, aldehydes and acids, esters, sulpho-acids, acid 
amides, and anilides; pyridine and quinoline are miscible with 
it in every proportion, but terpenes are insoluble (Frankfin and 
Amer. Chem.J., xx., pp. 820,836; Spiegel, Der Siickstoff, 
^ 395 )- * • 

' Behaviour of Gaseous Ammonia to {^ater .—Gaseous ammonia 
absorbed ty water with great avidity, and with strong 
development of heat; temperature and {>tessure playing a 
very important part H gaseous ammonia is brqught into 
^i^tact with ice, the letter absorbs it and ’fuses, the heat 
Reduced thereby being stated from 8435 to 8820 cal. by 
imrious authors. 

The c^siolving-heat of ammonia (which is very important 
' ■die industry of low temperatures) has been found as 
' 4M 



psf' jomwca;':£p|)R 

$olioW{l By HiWe kollipr {Z! Vtrein. deutsch, tngm., 

p . 424)- 


FerconUn of KHj 
of the B^utiOD in 
which the NBq 
if diaiolved. 

Hett of tolntlon of 1 kg. KHg. 

• 

Lt^oidi 18 *. 

OAfleou 8 , 16 ‘snd 

1 atni., citeulftted 
with dlMOlvhig 
best of liquid 
anunobta. 

0 

193 

, 493 

5 

.183 

.483 

10 

171 

‘ 471, 

15 

158 

458 

20 

144 

444 

>5 ' 

129 

•4J9 

30 

113 

413 

3 S 

97 

%9 f 

40 

79 

379 

45 

59 

359 

50 

39 

339 

55 

19 

319 


S/ea»i of icx)°, according to Playfair and Wanklyn {Chem. 

' Soc. Quart. /., xv., p. 242), mixes with gaseous ammonia without; 
Contraction, which proves that no hydrate of ammonia exists at* 
that temperature. Wattr, ‘according to Roscoe and Dittmar 
{Ann. Chm. Pharm., cxii, p. 349), absorbs at ^60 nnn. pressure, 
and temperatures from 0° to 56° per grata, the following , 

quantities of NHs!—' 

II 


B 

Gram NHy. 

u 

Gram NHg. 

t. 

Gram NJig. 

n 

Gram KH|. 


^ 0-875 

16" 

o-58a 

30® 

0-403 

44° 

0-475 


0-833 

18' 

0-554 

34° 

.0.38J . 

46° 

0-859 


o<792 

80® 

0-546 

34° 

0-364 

48° 

0-444 . 


0.751 

83® 

0^99 

36° 

0-343 

50° 

0*239 


0-713 

84° 

0-474 

38’ 

0-344 

S’ 

0*214 

xo" 

0-679 

a6“ 

0-449 

40° 

0-307, 

54 

0*800 

12* 

U* 

0-645 

0-61 a 

aii“ 

0446 

48° 

0>290 

Si’ 

0-1186. ' 


The same authors give the grams NH, (G)» absorbed 
I g. water, for various partial pressures of the dry gas'{® 
expressed in metres of mercqry 
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G. 

' 

P. 

’ G. 

P. . 

0. , 

p. 

• 

G. 

0«00 

0*000 

0.3 

0.515 

0.9 

0.968 

J-5 

1.516 

0*05 

0.175 

0.4 

0.607 

1*0 

1.037 

1*6 

1.645 

0*10 

0.175 

0.5 

0.690 

M 

MI7 

1.7 

1.770 

0-X5 

0.351 

o«6 

0.768 

1*3 

1.208 

1.8 

1.906 

‘ C*20 

0*411 

, 0.7 

0.840 

1.3 

I-3I0 

1.9 

1046 

0.35 

0.465 

0.8 

0.906 

• 1.4 

1.415 

2*e 

1.195 • 


Specific Gravities of Aqueous Solutions of Ammonia. ' 
The former tables of the specific gravities of liquor ammonise 
have been superseded by that of Lunge and Wiernik (Z. angetv. 
Ohen., 1889, p. i8i), which is.here subjoined.^ It refers to a 
temperature of 15° C. • 


«• 

> , 

r 

A 

CQ 

s 

Is 

In. 

“1 

Jb-'O 

6| . 

Is 
► . 

r 

(c 

C? 

i 

1 • 

Is 

0^ 

1 ijd 

1*000 

0*00 

0.0 

O’OooiS 

.0.940 

15-63 

146.9 

0*00039 

0.99S 

0.45 

4-5 

000018 

0.938 

16-21 

152*1 

0*00040 

0.996 

0*91 

9-1 

0*00019 

0.936 

16-82 . 

157-4 

0*00041 

0.994 

1.37 

13.6 

o-oooig 

0.934 

17-4S 

162-7 

0*00041 

0*992 

1.84 

I 8*2 

0*00020 

0*932 

18-63 

168-1 

0*00042 

0*990 

2*31 

22*9 

0 * 0 C #20 

0.930 

18-64 

173-4 

0*00042 

0.988 

2.80 

27.7 

0*00021 

0.928 

19-25 

178-6 

0*00043 

0.986 

3.30 

,32.5 

0*00021 

0926 

19.87 

184.1 

0*00044 

0.984 

3.80 

• 37 i 4 

0*00022 

0*924 

20-49 

189-3 

0*00045 

0.982 

4.30 

42*2 

0*00022 

0*922 

«I*I 2 

194-7 

0^10046 

0.980 

4.80 

470 

0*00023 

0*^20 

21.75 

► 200*1 

0*00047 

0.978 

5-30 

51.8 

0*00023 

Oi^lS 

22.39 

205-6 

. 000048 

0976 

5.80 

56.6 

- 0*00024 

0.916 

13-03 

210*9 

0*00049 

0.974 

6^0 

61.4 

0*00024 

0.914 

23.68 

216.3 

0*00050 

0.972 

6.80 

66.1 

0*p0025 

0*912 

24-33 

221*9 

0*00051 

0.970 

7.31 

70.9 

0*00025 

0*910 

24-99 

227.4 

0*00052 

0.968 

7.81 

75-7 

000026 

0.908 

25-65 

132-9 

0*000^.^ 

0.966 

8.33 

80.5. 

000026 

0.906 

26.31 

238-3 

* 0*00054 

,0964 

8.34 

• 85.1 

, 0*00027 

0.904 

26-98 

243.9 

0*00055 

'0,961 

9-35 

89.9 

0000^8 

0*902 

27.65 

249.4 

0.00056 

0.960 

9.91 

95 'i 

0*00029 

o*9«o 

48-33 

255.0 

0*00057 

0.958 

10.47 

100*3 

0*00030 

0.898 

29*01 

260*5 

0-00058 - 

0-956 

11*03 

105.4 

0*00031 

0.896 

19169 

266*0 

“^0*00059 

. 0-954 

11.60 

no;7 

0*00032 

0.894 

30-37 

271.5 

000060 

<.0.951 

12*17 

115.9 

•0*00033 

0.892 

31-05 

277*0 

OK3006o 

0.950 

11.74 

13 X *0 

000034 * 

0.890 

31-75 

282.6 

ok>oo6i , 

■■«-948 

13.31 

126.2 

•0*000U 

0.888 

32.50 

288-6 

o<x>o6a ■, 

0.946 

13.88 

131.3 

OSXJOjS 

0.886 

33-25 

194-6 

oooo6i 

0.944 

14.46 

. 136-5 

0 . 9 P 037 . 

0.884 

34.10 

301.4 

000064 

0.94a 

i 5 oi 

144.7 

000038 

0.882 

34-95 

308-3 

000065 


■0 \ A rii!W table, by Wv C. Ferguson, in / Soc. Chem, Ind., 1905, p, 
jliWS v^Uea nracticallv the same as those fminH hv T. smt W * 
























' , 4;'The last of the four columns shows what correction muit ^5 
fflade for figures observed at other temperatures than 15° C.^% 
j^der to reduce them to that standard; but the temperature ofe 
Observation ought not to be very/ much above or below I5°,sin^'- 
lilhe coefficient of dilatation may differ. If, for instance,^ 13“' 
fte specific gravity had been fpund=0-900, it should be placed^ 
lower by 2x0 00057, i.e. at 0-899, order to correct it for 15°, 
which amounts to a difference of | per cent. NHj. 

Hydrates of Ammonia.—k concentrated aqueous solution of, 
qmmonia, on cooling down to -38° to -41°, solidifies, forming 
flexible, resplendent needles; at —49° it solidifies*into a nearly' 
inodorous jelly. Rupert (7. Amet. Chevi. Soc., 1909, p. 866; '^1910, 
p. 748) found the freezing-point of a solution containing 49 per 
cent. NH3= -73°, corresponding to the compounds NHj. HjO j 
(=48-59 per cent. NHg) and 2 NHs.H ,0 (=65-40 per cent, 
NHj). Eutectic points at 32 per cent.= -115°; at 57-5 per¬ 
cent = -86°-5; and at 78-5 per fent= -96°. The hydrate 
NHj.HjO forms small, colourless crystals; the crystals of 
the semi-hydrate, 2NH3. HjO.or (NH^jjO, are needle-shaped,' 
much larger, and transparent Smits and Postma {Chem, 
Zentr., 1910, i., p. 1217) also found the hydrates, NH4.PH 
(fusing at -77°) and (NH^jjO, fiising at -75°. 

J. Thomson and D. Tommasi XChem. Zentr,, xv., p. 418) 
on the strength of thermo-chemical and physital observations; 
deny the existence of ammonium hydrates. 

The vapour-pressures of aqueous solutions of ammonia have' 
been examined by E. P. Perman {Trans. Chem. 5 cf., lxxix/ 
1(1901), p. 71S; Ixxxiii.'(1903), p. 1168). The following is a, 
.summary of the values found: 











it seq) also established the vapour pressures of aqueous 
solutions of ammonia for var(pps percentages, temperatures, and 
pressures. 


Solubility of Ammonia in Other Liquids. 

• * 

Ammonia is soluble in aqueous solutions of salts withoht 
reacting on the dissolved salts, but differently from its solubiji^ 
in pure water. According to Cans {Z. anorg. Ckem., xxv., p;« 
236), Rothermund (Z. physik. C/ww., xxxiii., p. 401), Abegg atid 
Riesenfeld (f^rif.,xl., p. 84), the difference is mostly proportional 
to the percentage of dissolved’salts; but solutions of ammonium 
arid sodium nitrate dissolve exactly as much ammonia as pure 
water, and solutions of potassium nitrate even more. According 
to Koriowalow (/. Russ. Phys. Ckem. Soc., xxx., p. 367; Chem. 
Zentr., 1898, ii., p. 659), a solution of silver nitrate dissolves so 
much more ammonia than, pure water as corresponds to the 
formation of the compound AgN03+2NH3. 

Caustic potash and soda solutions have the same dissolving 
power for ammonia, decreasing with their increase in concentra. 
tion. Raoult {Comptes rend., Ixxvii., p. 1078) found that too c.c. 
saturated potash solution ^t 16° and 760 mm. pressure take up 
only I g. NH,; icx) c.c. potash solution of 24-25 per'cent. KOH 
absorb 30 g. 

Ammonia gas is also soluble in ertier and in the various 
alcohols, but less so than in water.. Del^pine (/. Pharm^, 
Chim., xxv., p. 496) found the solubility of ammonia in alcohol 
of various specific gravities as follows' 


Btrengtb of aloohoi \ 

• • (perf»nt.) f 

120. 

96 . 

90 . 


70 . 

• 

GO. 

60 . 

T«mp. 

0“ 

• 

NHj per litre . 

130-5 

146-0 

173*0 

206-5. 


— 

246*0 

3 o+;S 


Spec, gray., , 
NHjipcr litre .* 

0-78J 

0-783 

0-809 

0.808 ^ 


0-830 

. 0835 ^ 

10* 

lo8-{ 

I20>0 

137-5 

167-0 

... 

198-25 

297*0 


Spec, gray, . 
NHjper litre . 

0-787 

o-8o3i 

0 - 79 + 


... 

0-S31 

0850 

to ° 


97-5 

102*0 

119-75 

137-5 

152.5 

182.7 


Spec. gray. . 

*>■791 

0-788 

0-705 

0-821 

0-829 

0-842 

o-8p9i 

30' 

NHjPP litre . 
Spec. yay. , 

St-S 

74-0 

77-0 

81-75 

I00-3 • 

129-5 

253-0^ f 


0-798 

ti-791 

>0-796 

0-826 

... 

0.846 

0-883 ; 


Ammonia Is also copiously soluble in methyl alcohq!.^ 














liq^oE 


Commercial wood-spirit containing less than 3 percent, acetone 
dissolves, at 0°, 40 per cent, of its weight of NH,. 

^Paglianiand Eras (Wiedemann’s viii., Beiblatt, p.'i8)' 
^ive tables of the absorption coefficients of ammonia in ethylic,' 
propylic, and isobutylic alcohol, 

Absorption of Ammonia by Solid Substances. 

'. Gaseous ammonia is absorbed by very many soH^ 
substances, partly with formation of loose chemical compouniff 
or solutions, partly only by surface action. 

Freshly heated wood-charcoal, according to Hunter {J£ 1 iem. 
Soc. [2], ix., p. 76, and x., p. 649), absorb^ at a pressure of 7& mm. 
in each volume: 

AtO" S* 10- 16" 20" 26" 80" 85> 

170-7 169-6 163-8 157-6 148-6 140-t 131-9 123-0 vols, ammonia. 

Its absorbing-capacity for ammonia decreases at the same 
pressure with the rise of the temperature, but increases at the* 
same temperature with the increase of pressure. At o° and at 
various pressures it amounts fdr each volume of charcoal to;— 


Pressure. 

Voli . 

•Pmsure. 

VoU. 

760 mm.. 

- 170-7 

1486-5 mm. . 

an 

00 

1104-3 „ . . 

- I 7 -I '3 

17 ^ 5-1 - - 

. 188.7 

1178-0 „ . 

. 1760 

2002-6 „ . 

. •96.7 

1269-2 „ . 

I 369"5 .. - - 

f 

. 178-2 
... i8o-8 

2608.5 

. 209.S 


Clayey surface soil, afld especially peat, has a gre^t 
absorbing-capacity for gaseous ammonia. Certain metallic 
^Jiloridos, especially argentic, zinc and calcium chloride, absorb 
^Ammonia, forming compounds with it which are split up at higher' 
temperatures. Owing to this, ammonia gas cannot be dried 
•by calcium chloride. Faraday [Quart. Joum. of Science, jpx.,; 
p. 16) utilized this property of argentic chloride for th®, 
, preparation of iiquijl ammonia. Ammonium nitrate absorbs, 
-ammonia at all temperatures between -r I5°‘and -1-25°, fortm'n|f 
a liquid (“PiVers.’ liquid," Chem.^News, xxvii., p. 37). At' 38 *-! 

of the ammonia escapes, leaving Ifchknd a solid nitrate 
‘iheformula:'NH4.NOj-pNH,.^ Qf^lsoRaoult [Comptesren^ 
IxxvL, p. 1261). The* composition of the' colourless liquffi 
'obtained at—10°, which according to Divers (&&«/?.) ai® 
?kuriIoff (Z. pAysik. Chem., -ixv, p. 107) is ^ solqtiw .^ 
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’ ammonium nitrate in liquid ammonia, is=JJH4.N05+2NH3. 
f^roost {Comptes rend., xciv., p. 789) and Raoult {ibid., p. 1117) 
proved the existence of the compounds: 2NHi.NOg+3NH3 
r^ndNH'i.NOg+sNHj. 

Chemical Behaviour of* Gaseous Ammonia. 

Ammonia is composed of 82'39 per cent. N and 17-61 per 
‘ cent H. Two vols. of gaseous ammonia are formed from 3 vol& 
H and i vol. of N. 

Thf heat of formation of N Hj from the elements is discussed 
by Haber in Chem. Zeit., I9i5„p. 24. 

Ammonia is decomposed into hydrogen and nitrogen by the 
electric current. Prolonged action of electric sparks decomposes 
NHj into N and H, but never quite completely, since ammonia 
is formed from N and H by the same agency (Buff and A. W. 
Hofmann, Annalen, cxiiL, p. 129; Deville, Comptes rend., lx,, 
p. 217; A. W. Hofmann, Berl. Ber., xxiiL, p. 3318; Grove, 
Annalen, Ixiii., p. i). 

Ammonia is also decomposed by heat into its elements, but 
very slowly, especially when mixe'il with other gases. The 
conditions of this decomposition have been studied by several 
chemists, e.g., Deville and*Troost {Comptes rend, Ivi., p. 891), 
■ Th^nard {Gilb.*^Ann., xlvi., p. 267); and more recently by 

* Ramsay and Youflg (/. Chem. Soc., ^,884, xlv., p. 88). We 
quote their results somewhat in <jetail, as the manufacture of 
ammonia and its recovery as a by-product from the coking 

• of coal, from blast-furnaces, etc., is greatly influenced by this 

instability of ammonia at high temperatures. ' 

The percentages of -ammonia decomposed by hjat under 
varying conditions o£ temperature, material of the vessel, etc., 
are as follows:— 

' (i) WitR a porcelain tube filfed with broken pieces of 

porcelain: , t 


At 500° C. 

* • • • P®r ““t. decomposed 

» 5J0° . . 

. . . 2-53 .. 


„ 600° . 

. * . 18-28 „ 


1) 620 • • 

I t. 25-58 


„ 68p" , 

. 35-0‘ » 

it 

„*69 o'’ . • .. 

■ . ■- 47-71 n 


„ 810° to 830’ . 

! 69-50 „ 

V 
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(2) With an irpn tube filled with broken pieces of pbrcplain^ 


At 507*10 527“ .. 

„ 600“ (current very fast) 

„ 600° (current much slower) 
„ 628” . 

„ 676° to 695' . 
n 730 ° • 

„ 780’ . 


4'I5 per cent, decomposed. 

*«-36 » .. 

34-44 ,, .. . 

65- 43 » (1 

66 - 57 » I. 

93-38 « . » 

100-00 ,, ,, 


(3) W ith a plain glass combustion-tube lying in the iron tubtff* 


At 780° .... 0-24 per cent, decomposed, 

. (4) With a glass combustion-tube filled with fragments of- 
broken glass tubing: , ' 


At 780° . ,. . . . 1-72 per cent, decomposed. 


(5) With a glass tube filled with strips of ignited asbestos 
cardboard: 

It 

At 520“ . . ... 2-90 per cent, decomposed. 

„ 780° . . . , . 100-00 „ „ 


(6) With a plain iron tube, no oxide of iron present: 
At 780° . . . . 109 per cent, decomposed. 


(7) With an iron tube partially oxidized, and therefore water.^; 

formed: , ' 

At 780” . ' . . I . 95 per cent, decomposed. 

(8) With a glass tube containing several lengths of iron wire:' 

At 760° . . . . 75 per cent, decomposed, 

(9) With a glass tube containing several lengths of copper 
wire: 

At 760° . . . * . 20 per cent, decomposed, 


(10) With a-glass tube filled with ccippenieduced fi-om'd^/ 
oxide, to give a large surface: o* ^ 

At 780’ . . , , 50-2 per cdhtdecwnposed. 

The results may be snmmed,up as follows Undei^ tmi 
itiost favourable circumstances (with an ir^n or ptx^celun 
Wit glass tube containing asbestos) the &m(^ 4 ture 





§i«hmonia-gas begins to decompose is a little below 500”. (2) 
i- Iii contact with a glass surface, the temperature at which 
l^offlpGsition begins is much higher. (3) The influence of the 
£(^«ne of exposure is very great, (4) The,nature of the surface 
the containing-vessel exerts an enormous influence on the 
i amount of decomposition, (5) The amount of decomposition is * 
greater when the surface is increased. The decomposition was,. 
j^ever absolutely complete, just as Deville had found wheij ^ 
decomposing ammonia by the electric spark; probably because 
and H recombine to a very slight extent. Such a combina- , 
tioo could not be traced by heating a mixture of dry nitrogen 
and hydrogen; when the gase?were moist a trace of ammonia 
was formed, probably owing to the production of nascent - 
hydrogen from water and red-hot iron. 

^ According to Berthollet {Gilb. Ann., xxx., p. 378), the 
dissociation of ammonia by heat is promoted by the presence 
of certain metals, such as platinum, silver, and gold wire, even 
more so by copper and iron wire; the metals do.not thereby 
undergo a change of weight, but copper and iron turn brittle. 
According to Than {Ann. Chem.-, cx:(xi., p. 129) the contempor- 
^ aneous introduction of inert gases protects part of the ammonia 
irom decomposition. Whi^e and Melville found that the dis¬ 
sociation of ammonia commences at about 450°; they did not 
find it influence! b^ the presence of inert gases, like nitrogen or 
hydrogen, if the quantity of ammonia passing through remained 
the same (/. Amer. them. Soc., 1905, p. 37*3). This agrees 
with the observations of Deville and Troost (he. cit), and of' 
Perroan and Atkinson {Z. physik. Chem., iv., p. 915), vjho also 
confirm the statements of Ramsay and Young (pide supra). 

'• Woltereck {Comptes rend., 1908, pp, 147, 460) fkds that 
ain1nonia,if purified in the ordinary way, which still contains traces 
of water and,organic impurities, begins to dissociate at 620°, and 
tt 650° the gases are explosive. .Absolutely dry and pure NHg 
-even at 620° shows.no trace of dissociation/ 

Investigations o.n the reaction ; 


Save been n\?de by Haber.and Van Oordt {Z. anorg. Chem., Xi.v.j 
341 ).J Haber and Maschke (Z. Elektrochem., 1914, p. 597;; 
i^l, pp,*‘l28 and 191); by Nernst and Jost {ibid., xiiL, p. 321)^;,, 
^Davies {Z. physik. Chan., Ixiv., p. 657). 
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Haber and Van Oordt found for pure ammonia the following 

equilibria:— 

/• • 


Teinj>eratuie. 

CjmposItioD uf the mixture at egailibrium. 


Vol. per cent. Ha 

Vol pM cent. Ng, 

Vol. per ce&t. NH;]. 

27° 

* 

M 2 

0-37 

98-51 

337° 

68.46 

22-82 

8.72 

627” 

74-84 

24-95 

0>2I 

927” 

75-00 

25«CO 

0*024 

1020® 

75-00 

25 -CO 

0>012 


By the action of the light of a quartz-mercury lamp ammonia 
is completely decomposed (Coehn and Prigert, Z. Elektrochem., 
XX., p. 275). 

By radium emanation, according to Usher {Proc. Chem. Soc., 
1910, No. 366, p. 20), ammonia is quickly decomposed at 
ordinary temperatures; solid less quickly at -190“. The 
decomposition is hardly at all reversible. The maximum effect 
was the decomposition of ^34,300 mol. NHj to i atom of 
emanation. The energy .required for this action amounts to 
about I per cent of the energy actually expended for producing 
the emanation. Wourtzel {Compte^ rend., clviii., p. 571; Chem. 
Zentr., 1914, i., p. 1482) also investigated this reaction. 

Combustibility.—\vi atmospheric air ammbnia burns with 
great difficulty, requiring constant heating. But, according to . 
Berzelius, in an atmospheretof oxygen it burns by itself with a 
yellowish flame; according to A. W. Hofmann (Ann. Chem,, 
cxv., P..285), if a current of oxygen is passed through boiling 
ammoniacal liquor, and the issuing gas is lighted, it burns 
with a greenish flame. The temperature of this flame under - 
appropriate conditions is .very high; afccording to Rosenfeld 
( 5 rr.,xiv., p. 2103; xv., p..i6i), it causes lime to glow violently , 
and thick platinum wire to fuse. According to Henry (Ann. i 
•Phil., XXV., p. 424) mixtures of air and ammonia gas are not. 
explosive, but by the continuoust action of electric sparks they 
are slowly burnt; but Schlum))erger .and Piotrowski (/. ; 
Gasbeleucht.,'Wn., p. 941; Chem. Zentr., 1914, ii., p. 1421},': 
found that mixtures of i&s to 26-8 vol. ‘NH, with 83-5 to,if 
93-2 vol. air do explode in vessels of th? form chosen by thq 
•observers. In the Bunte burette there was no explosion,butf 
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’ gradual combustion. Kraut (Am. Chem., cxxxvi., p. 69) found 
that platinum sponge or platinized asbestos gIo;v up in a 
mixture of ammonia gas with oxygen or air, with formation of 
nitrous gases and ammonium nitrite. On dry ammonia gas 
. ozone has no action, but on an ammoniacal solution, with 
formation of nitrous and nitric ^acid, but not of hj drogen 
peroxide (Nagy-Ilosvay, Ber., xxvii., p. 3500). 

Behaviour of Dry Ammonia towards Various Elements and 
Oxides.—htamoma combines with chlorine at ordinary tempera-' 
tures, with formation of nitrogen and ammonium chloride. If 
an excess of chlorine is passed into a saturated solution of 
ammonia, the extremely explosive nitrogen chloride is formed. 
Solutions of hypobromites expel from ammonia and its salts 
the whole of the nitrogen in gaseous form, upon which reaction 
the well-known azotometric method of Knop for the estimation 
of nitrogen is founded. 

On red-hot charcoal ammonia acts, according to Langlois 
(Ann. Chim. Bhys. [3], i., p. in), with formation of hydrogen 
and ammonium cyanide; the reaction (according to Weltzien, 
Ann. Chem.., cxxxii., p. 224) is:— , 

2NH3-1-C = NHj.CN-i-H., 

If at the same time alkafi-metals (Delbriick,/. prakt. Chem., 
xli., p. 161) or thejr carbonates (Siepermann, Ger. l‘s. 38012 and 
.51562; Beilby, Gef. P. 74554; Pfleger., Ger. P. 89594) are 
present, alkaline cyanides are forqjed. • 

If dry ammonia acts on fused alkali-metals, i atom of 
hydrogen is’ substituted by i atom of metal, with formation 
of alkali-amide (Beilstein and Geuther, Ann. Chem'., cviii., • 
p. 88; Landolt and Baumert, ibid., cxi., p. i; Deutsche Gold- 
und» Silber-ScheSdeanirfalt, Ger^ P. 117623), according to the 
equation: 

zNHj + aNa = 2Naf}H.j + H,,. 

In the presence pf carbon, of carbon'oxides, or hydro- , 
carbons, according to t)rech£«l (Deutsche Gold- und Silber- 
Scheideanstalt,Ger. (Js. >24977,126241,148045,149678; Castner, 

5 Ger. P. 90999) metallic dicyanamides or metallic-cyanides are 
formeid. * *. * 

• Many.mefallic oxides are reduced on heating in a current < 
t^Of ammonia gas, either to the-metallic state (e.g., FcjOj to* 
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“ferrum reductum”), or to lower degrees of oxidation, 
formation of free nitrogen and water. In other cases there is a ,, 
formation of nitric oxide, NO from ammonia and red-hoi _ 
manganese peroxide), or of nitrogen peroxide, or (in the case'!; 
of the oxides of titanium, iron, and copper) of metallic nitride^;^ 
or (in the case of tungstic acid and mercuric oxide) of com-?' 
pounds of the metal with nitrogen, hydrogen, and oxygen. 

Bthaviour of Ammonia towards Other Gases and Liquids,^'' 
With gaseous sulphur dioxide ammonia combines in various 
‘proportions. Schumann (Z. anorg. Chem., xxiii., p. 43) obtained ; 
the easily decomposable compounds SOj.NHj and S02(NH3)j 
in the shape of yellow or red crystalline substances. * Divers 
and Ogawa {Proc. Chem. Soc., xvi., *p. 38) obtained on passing v 
both gases, into ether, free from water and alcohol, the 
compound: NHj.SOj.NH^. Ephraim and Pietrowsky {Perl, 
Per., 1911, p. 379) also describe .such compounds. 

On passing a mixture of ammonia and carbon disulphide 
vapour through a red-hot tube, hydrogen sulphide and sulpho- 
cyanide are formed. If those two substances meet in an 
alcoholic solution, Debus^ {Ann. Chem.., Ixxiii., p. 26) observed 
the formation of ammonium sulphocarbonate and ammonium^ 
sulphocyanide. ; 

If dry ammonia meets carbon dioxide at ordinary tempera¬ 
tures, ammonium carbamate is formed; 

^2NH;+C03 = NH.,.CO.ONH,; 
at higher temperatures urea and ammonium carbonate are 
formed: 

•4NH3 + 2C05 = NHj.CO.NHj + NH.O.CO.ONH,. 

Ammonia also combines with aldehydes, forming well- 
characterised and partly technically Importaht compounds. • 
If, e.g., NHj is passed intaan alcoholic solution of/ormaldehyde,rf 
8 precipitate of hexamethylenetejramine (urotropin) is product 
in nearly quantitative yield (Duden and Scharff, Ann, CkemS 
alxxxviii., p. 218). » ’ 

Ammonium hydroxide, NH40,,has, of cpurse, tow properties 
but this is doubtful for dry ammonia, NHa- Spiegel {he. cit^ 
points out that completely dry gaseous amtnonU is not taken!^ 
up by absolutely anhydrous acids, such as sulphuric Rioho-l 
hydrate, nor by acid anhydrides, like COj, SOj, PjOj, ete..j^|h^ 
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also holds good of absolutely anhydrous liquid ammonia which, 
according to Loir and Dryon {Bull. Soc. Ckim., ig^o, p. 184) 
combines only quite gradually with concentrated sulphuric acid. 
On red litmus and on turmeric paper ammonia causes the well- 
known colour reactions only for a little time, up to its 
volatilization. 

Ammoniaisanirritantandcorrosive 
agent, both in the shape of gas and of aqueous solution. The 
former researches of Pettenkofer bayer. Akad., 1887, 

ji. 179), Hasselt {Thiergifte und Mineralgifte, 1862, p. 183), and 
Eulenburg {Schddliche und giftige Case, 1865, p. 190) have been 
superse8ed by those of K. B. Lehmann {Arch.f Hygiene, 1886). 
One-twentieth volume NMj per 1000 Impart to air a strong 
smell; 0 3 to 0-35 per 1000 is the strongest dose bearable for 
half an hour, but it does not act as a real poison, only as. an 
irritant upon the mucous membranes, which can be borne much- 
better by those accustomed to it. Doses of 2 vols. per 1000 
when inhaled for a prolonged time, or doses of 5 vols. per 1000 
for a short time, produce a severe find consequently dangerous 
irritation of the respiratory organs an(j the mucous membranes 
of the eye, but only locally, without causing any injury to the 
other organs or their functions. ' 

The men employed at ammonia-works may contract inflam¬ 
mation of the eye&, stinging headaches, and a peculiar affection 
of the skin, resulting in eruptions and cracks. The counter¬ 
poisons are acetic or tartaric acid, diluted with sfigar-water; the 
former may also be employed for inhalation. Hot baths are 
recommended for promoting the removal of the aminonia 
through the skin. 

Gottbrecht {Arch, experim. Pathol., xxv., p. 385) found that 
amnfbnia also pos*sesses»antiseptic properties. 

The properties and behaviour .of ammonia have been 
investigated by F. Haber, in conjunction with various co- 
toperators, at the Institute for physical cheiJiistry and electro¬ 
chemistry at Berlin - Dithlem ;* the results are published in 
Z.Elektrochem., 1914, jx./ip. 59^7; 1915. xxi.,pp. 89,128,191,206, 
?f8,241. 

f Chemical Behaviour of AqueoAs Solutions of Ammonia {liquor 
This behaviour is getierally the same as that of 
anhydrous ammonia; but there a»e some important exceptions. 
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to this rule. Ozone, e.g., does not oxidize gaseous ammonia, 
but with aqueous solutions of ammonia it forms large quantities 
of nitrous and nitric acid. Towards sulphuric monohydratt 
ammonia in hqueous solution behaves like a strong base, whilsjf, 
dry gaseous NH, does not act upon it [yiide supra). 

Behaviour of A mmonia Solutions against Electricity. —Faraday j 
found that concentrated ammonia solutions do not conduqt 
electric currents any better than pure water; but the presence 
of small quantities of ammonium sulphate increases the rate 
of decomposition, whereby i vol. of nitrogen and 4 vols. of 
hydrogen are formed, together with small quantities of oxygen. 
An apparent deficiency in the amount of nitrogen, accofding to 
Losanitsch and Jovitschitsch {Ber., xxix., p. 2436) is caused by 
the formation of nitrite. According to Hisinger and Berzelius 
iGilb. Ann., xxxvi., p. 260) concentrated ammonia solutions, 
with employment of iron electrodes, yield pure nitrogen at the 
positive pole; ammoniacal liquor, diluted with 3 vols. of water, 
gives off also oxygen, with formation of ferric oxide. 

Sulphur is soluble in .ammonia solutions, as observed 
already in 1752 by Boerl^ave; at 90° the liquor assumes a yellow 
colour,with formation of thiosulphate, sulphide, and polysulphides , 
(Brunner, Dingl.polyt.J., cli., p. 37^1; Fliickiger (Z. anal. Cliem., 
ii., p- 398). 

Chlorine acts on aqueous ammonia as on .the dry gas, with 
formation of ammonium chloride and nitrogen (A. W. Hofmann, 
Ann. Chcm., cxf, p. 283):« 

4 NH 3 + 3 CI = 3 NHP + N. 

On mwing aqueous solutions of ammonia with hypochlorous 
acid, there is a formation of nitrogen and explosive nitrogen 
chloride. Similar compounds are formed wfith bromine* and 
iodine. 

Hydrogen sulphide, when passed into ammonia solutions, 
forms the hydrAsulphide, H(NH4)S, and monosulphide* 
(NHJjS, which combine wjth more * sulphur to form 
polysulphides. ", 

Saturated solutions-of ammonia and of potassium carbonate 
are only miscible, if to i vol. of potassium carbonate 30 vols. of 
liquor ammoniae of sp. gr. o-88 is added. . ‘ i,' 

Against solutions of tl^e salts of heavy metals, Ijquw. 
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ammoniae generally behaves like the solutions of alkali 
hydrhtes. Hence it is frequently assumed that •that liquor 
contains ammonium hydrate, NH^.OH, which seems to be 
confirmed by the existence of ammonium amalgam, analogous 
to potassium and sodium amalgam (Coehn, Z. anorg. C/mn., 
XXV., p. 430). Knorr( 5 «r., xxxii^ p. 729) found in ammonia 
solutions not merely NH^ - and OH - ions, but also NHj — or 
NHj.OH- ions. But this view is not confirmed by the 
thetmochemical and physical investigations of Jul. Thomsen 
{Chem. Zentr., xv., p. 418) and Tommasi {Comptes rend., xcviii., 
pp. 140, 326, 797), nor by those of Hantzsch and Sebaldt (Z. 
physik* Chem., xxx., p. 258), according to whom there exists 
only a loose compound, WH^. H^O, dissociating already at 
ordinary temperatures. 

Many metallic salts combine with aqueous ammonia in 
definite proportions, forming metal-ammonium compounds, of 
which especially those of cobjlt and of platinum have a high 
degree of stability. 

Aqueous ammonia combines with anhydrous acids, forming 
. salts without excretion or absorption cf water, e.g., 

2NH3 + H2SO, = (NH,)2S0,. 

The salts are isomorphous with those of potassium; their 
solutions are at'.higher temperatures partially hydrolytically 
dissociated. Watson Smith, in/. Soc. Otem. Ind., 1911, pp. 253 
et seq., enumerates the literature on»that subject, and de.scribes 
experiments of his own thereon. This dissociation is especially 
pronounced In the case of solutions of ammonium chloride, which 
explains their destructiveness on iron evaporating-vessels, to be 
mentioned below; but it takes place to some extent ilso with 
ammonium sulpRate, nitrate, phosphate, oxalate, acetate, etc. 

With carbon disulphide a 25 per.cent. aqueous solution of 
ammonia combines on heating under pressqre to 110° smoothly 
'w to ammonium sulply)cyanide: 

CSj-I-zNHg = tJHi. CNS + HaS, 

, a reaction formerly used*for the synthesis'of cyanides 
(Tscherniak and Gunzburg, Ge*r. Ps. 3199 and 16005). 

, . Ammonia is recommended as a material for working aeria, 

shipping-vessels, by A.’ Sander; in •Cheth. Zeit., 1915, p. 325. 
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Ammonium Sulphides. ' 

There exist a monosulphide (NHj)2S, a sulphhydrate, 
NH4SH, and several polysulphides, containing from 3 to 7, 
atoms of S to 2 mols. of NH^. They are all volatile, soluble in 
water, and easily decomposable. 

Ammonium Monosulphidk (NH4)2S, is produced from 
hydrogen sulphide and ammonia in excess. At —18° it 
forms colourless shining crystals, dissolving readily and without 
colour in water." This solution is stable, whilst the crystals in 
the air at once lose half their ammonia. In the state of vapour 
it cannot exist, but dissociates into NHj and HjS. 

Ammonium Sulphhydrate, NH^SH, is formed by passing 
hydrogen sulphide into liquor ammoniac to saturation (the 
ordinary laboratory reagent). The originally colourless solution 
soon turns yellow jn the air, polysulphides being formed. 
Below -10° it can be crystallized; on evaporation it dissociates 
into HjS and NHj. On prolonged contact with air the solution 
deposits sulphur, and ammonium thiosulphate is formed. 

The polysulpbides are also prepared by dissolving sulphur 
in ordinary ammonium sulphide. 

Ammonium sulphide has not hitherto been manufactured on 
a large scale; but this might be done, according to Spence, by 
mixing in a retort sulphate of ammonia with alkali waste or 
spent gas-lime (both of them very rich in oilcium sulphide), 
blowing in steam, and' passing the vapours into a condensing- 
apparatus. Care must, however, be taken lest the pipes be 
stopped up by solidifying ammonium sulphide. 

' Ammonium Sulphocyanide {Thiocyanate) NHj. CNS. 

Colourless shining scales, without water of crystallization; 
the salt crystallized from an aqueous ^solution is some\#hat 
deliquescent; that crystallized from alcohol is stable in the 
air. Very soluble in water, with considerable lowering of the 
temperature, and in'’alcohol. One hundred parts water of 0* 
‘dissolve 122 parts, 100 water qf 20° "idz-a parts of this salt 
On Seating the dry salt it fuses at 149°, apd decomposes soon 
after. Consequently it cannot exist in the state of vapour, but 
is only formed on cooling from Simmbniura sulphide and carbon 
disulphide, 

(NHJaS + CSj =,NH4.NCS + 2 HjS, 
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of else from ammonium cyanide and sulphide. In English 
gas-liquors from 3 to 5 oz. of ammonium sulphocyanide per 
irailon is found. It is also found in considerable quantities in 
the spent oxide of iron of the gas-purifiers. 

With metallic sulphocyanides,^.^. that of mercury, silver, tin,- 
etc, it forms double salts. 

Ammonium Cyanide, NH4.CN. 

A colourless salt, crystallizing in cubes, smelling and tasting 
both of prussic acid and ammonia, with an alkaline reaction, as 
poisondus as prussic acid. It. is very soluble in water and 
alcohol; it is very volatile,*boiling, according to some chemists, 
at 36°; but, judging from its vapour-density, it must be assumed 
to undergo dissociation into ammonia and prussic acid. The dry 
salt is very unstable, and in the air is quickly converted into a 
blown nitrogenous substance ^azulmic acid). 

Carpenter and Linder (/. Soc. Ckem.Ind., 1904, p. 577)estimate 
the cyanide in ammoniacal liquor by distilling it with an excess 
of tartaric acid in an apparatus sujh as serves for ammonia 
distillation, adding plumbic nitrate and ferrous chloride, and 
titrate the HCN in the distillate by i/io normal silver nitrate 
or i/io normal iodine. 

Ammonium eyanide is no article of trade, but it is formed 
as an intermediate ’product in the synthesis of cyanides from 
ammonia and carbon, and in large quantities it the destructive 
distillation of vinasse, or in the overheating of the gases formed 
in this operation. 


Ammoniuift Ferrocyanide, (NH4)4,Fe(NC)j-|-3HjO. 

* * * • 

This salt crystallizes in lemon-ye|low crystals of the mono¬ 
clinic system, like potassium ferrocyanide. It is easily soluble 
in water, insoluble in alcohol. It is not a technical product, but 
•is formed, like the cyanide,^ an intermediate product in 
the production of cyapides from the gases of destructive 
distillation. 

, Another •ferrosyanide,* (NH4)2,Fe2(NC)„ is insoluble in 
water, an^ therefore specially adapted for producing cyanide; 
jliilso the compound, ’(NH4)5,Fe,[re(NC)j2, observed by Biieb.* 

4 0 
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,yhey are described in detail in Bertelsmann’s Techmlogie' 
der Cyanverjiindungen, 1906, pp. 222 et seq. ^ 

There exist numerous double compounds of the ammonium 
ferrocyanides, especially with the alkaline nitrates. 

Ammonium Chloride {Sal-ammoniac), NH^Cl. 

This salt is known from ancient times; it is found ready 
formed in nature, especially in volcanic districts and in the 
vicinity of coal-fields. In the pure state it is without colour or 
taste. Crystallizes from water or alcohol in octahedra arranged 
in the form of feathers, from urea in cubes. Sublimed sal- 
ammoniac consists of fritted fibroust crystalline masses. It is 
very tough and difficult to powder.' Sp. gr. i'52. Soluble in 
water, with much absorption of heat; 100 parts of water dissolve, 

• according to Mulder, at 


O’ 
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20’ 

80’ 40’ 60“ OO’ '1 
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33‘3 

37-2 
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71*3 
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115“ is the boiling-pofnt of the saturated solution, whose 
cryohydric point is = —16°. 

The solubility decreases withf increasing pressure. The 
solution of sal-ammonia in water causes a considprable increase of 
volume; according to Thomsen {Z.physih (^tem.,\m.,^. 

38 C.C. on dissolving I'gram-mol. NH^Cl in 30 to 40 gram-mols.' 
of water. 


Specific gravity of Aqueous Solutions of Ammonium 
Chloride at 15° (Gei;)ach). 
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It is very little soluble in absolute alcohol (0-62 per ceiit,); 
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Of course much more in alcohol containing water. Absolute 
methyllc alcohol dissolves 3-52 per cent. It is easily soluble 
• in liquid ammonia (Franklin and Kraus, Amer. Chem.J., 1898, 
xxviii., p. 820). From its saturated aqueous solution it is 
partly precipitated by concentrated hydrochloric acid. 

Ammonium chloride forms qrystallized double salts with 
many metallic chlorides, e.g., those of mercury, silver, copper,' 
platinum, gold, etc. 

Neutralizing-heat of NHj and Cl in aqueous solution = 

12'-27 cal. (Thomsen). 

,, Ammonium chloride is not volatile at the ordinary tempera¬ 
ture, but is considerably so at the temperature of boiling water. 
According to K. Kraut (if. anorg. Chem., v., p. 278), on 
heating it on the water-bath, 48-9 per cent, volatilize in 269- 
hour-s. On being heated further, it evaporates without fusing 
and sublimes in crusts (as above mentioned). Its vapour is a 
dissociated mixture of Nllj^ind HCl. Al. Smith (Z. Elektro- 
chem., 1916, p. 34) gives a table of the vapour-pressures of 
ammonium chloride from 280° .to 330", and the degree of 
dissociation calculated therefrom. • 

Aclion on Metals .—On boiling its aqueous solution a little 
ammonia escapes, and the, reaction becomes distinctly acid; 
hence it strongly acts upon metallic (especially iron) vessels, 
and is thereby**eoptaminated. Even in the neutral state 
ammonium chloride in the presence of witter acts strongly upon 
iron, copper, etc., and promotes the corrosion of these metals. 
On the behaviour of solutions of ammonium chloride towards 
metals, Santi (Chem. Zentr., 1904, p. 1625) has made an 
extensive investigation. Iron and magnesium are quickly 
acted upon, with liberation of hydrogen and arametnia, and 
formation of double salts: FeCl^ifNH^C!),, and MgCl.^NH^Cl)^; 
cadmium, zinc, chromium, manganese are also dissolved more 
or less. , 

On heating metallic .oxides with dry sal-ammoniac they are 
transformed into chlorides, excepting nickel and cobalt oxides 
which are reduced t<» th% metallic state. On boiling a solution 
of ammonium chloride wi^ the protoxides of nfckel, iron or 
,manganese, tfiese Ire transformed into the chlorides (like the 
^rarbonatae of Ca, Mg, Cu, Co, and Ni), whilst the sesquioxides 
*'of' No, Fe, and Mn are not acted upon. The sulphides of tin' 

,'ati . , • 
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and'antimony are decomposed by ammonium chloride at higher, 
temperatures; those of manganese and (less easily) of ?inc 
act on a solution of ammonium chlorides.' Thiosulphates^ on < 
boiling with a solution of ammonium chloride, are decomposed, 

■' according to the equation: 

Na^SA+iNHjCl = 2NaCl + 2NH3 + Hp + SOij+S. > 

Manganates are already in the cold transformed by it into 
permanganates; chromates into bichromates and ultimately intO' 
chromic acid. 

The reaction of ammonium chloride with barium peroxide 
furnishes oxygen, in a practicable way for laboratory usee; 

BaOj + sNH^Cl = BaCla+iNHa+H^O + O. 

Potassium persulphate on boiling with a solution of NH4CI 
gives off chlorine and nitrogen; the residual solution contains 
hypochlorite. 

Ammonium bromide atid iodide^ixt no technical importance. 

Ammonium Fluoride. 

We know a neutral anc[ an acid fluoride. The neutral salt, 
N H4F, forms hexagonal prisms of strong, salty taste, deliquescent 
in damp air. It is not much soluble in alcohol, but in water; 

, on heating that solution, ammonia is given off and the acid salt 
is formed. The'solution decomposes silicated) with formation 
of ammonium silicofluoride. 

The acid salt* NH^FiHF, crystallizes in colourless rhombic 
prisms, easily soluble in water and deliquescent in damp air. 

Ampionium fluoride forms with the fluorides of antimony 
^and chromium double fluorides, not decomposed by water, 
which are employed in dyeing, e.g., as surrogate for tartar 
emetic. The simple salt is employed for etching glass. 
Schbnfeld ( Wochenschrift fur Brauerei, 1901, p. 297) recommends 
a 4 per cent, aqueous solution for cleaning and sterilizing the , 
tubes of beer-pression apparatus. 

According to Mills (Grossreann, 'Das Ammoniah, p. 87), 
ammonium fluoride is manufactured by s^ubliming an intimate 
mixture of finely ground calcium^ fluoride and ammonium 
sulphate from an iron pot, lined with plaster of Paris, with a 
water-cooled cover, on which the fluoride collects whqt heating 
The pot above 350°. 
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Ammonium Carbonates} 

Several of the compounds of carbonic acid and ammonia 
formerly assumed to exist are not acknowledged now, and 
only those mentioned below are recognized. They are all 
decomposed at 58° to 60° into carbon dioxide, ammonia, and 
water; hence they do not exist as compounds in the gas 
while hot, but are only formed on its cooling. According to 
Hertkorn {Chem. Zeit., 1891, p. 1493), carbon dioxide with 
aqueous ammonia forms first carbamate, which is converted 
into carbonate only on boiling. 

Nmtral salt (NH4)2COj,H2P (first described by Divers).— 
Lengthened plates; smells and tastes like ammonia; deliquesces 
in the air with formation of acid salt, losing ammonia and 
water; splits up at 58° into water, carbon dioxide, and 
ammonia. When it is dissolved in water, it can be re- 
crystallized, and is not changed by cooling; but the dilute 
aqueous solution, according tt) some, already contains a mixture 
of free ammonia and neutral and acid ammonium carbonate. 

I (This statement is denied by Divers.) The aqueous solution 
begins to give off gas at 7Q° or "jf, boils at 75” or 80°, and 
gives off COj and NH3 in proportion as they exist in the 
salt Heat of formation at*7° to 11° = 39-3 cals. 

Semiacid sail (N H4)4H2(C03)3,H20.—Thin»hexagonal plates; 
smell and taste*of»ammonia. Decomposed by a little water; 
dissolves unchanged in 5 parts of water at 15°, which solution 
fapidly evolves gas when heated (Divers). 

Acid salt (NH4)H(C03)=amraonium bicarbonate, is found 
ready formed in many guano-beds, etc., also frequently in gas- 
purifiers, pipes, etc. This salt is usually assumed to exist in 
ga^-liquor; but,some^assert that the other carbonates occur 
there as well. Some of the commercial carbonate of ammonia 
"manufactured in England is nothiflg but the bicarbonate, as 
proved by the analyses of Hanekop ^Arch. Phann., 1886, 
xxiv., p. 21) and Rfeissnjann (Pharm. Centralkalle, 18S6, p. 105) 

‘ An extensive memoir cyi the combinations of carbonic anhydride with 
' ammonia and water ha! been published by E. Divers (/. Chem. Soe., 1870, 
vol viii., p. 17^. The following statements are to a great extent based on 
that memoir, and are supplemented by private communications, kindly 
made to die author by ,Dr Divers, which partly rectify the extracts from 
^Gtnelin-Kraut’s Handbook, given in the first edition of this work. 
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It is always formed when the other salts richer in ammonia dr ’ 
ammonium carbamate effloresce. According to Divers, the, 
condition for its formation seems toJje the introduction of 
aqueous vapour and ammonia in atomic proportions into 
carbonic anhydride, so slowly that the water is never in 
sufficient quantity to condense to the liquid state; a warm ' 
condenser, therefore, is favourable to it. It forms a white 
mealy powder or rhombic crystals, mostly columnar. Sp. 
gr. 1-573 (Schifi); the natural salt = 1-45 (Ulex). In the dry 
state it does not smell of ammonia; it has a cooling and saline - 
taste. In dry air it is stable; in moist air the crystals lose their 
brilliancy, decomposition setting in (Berthelot and Andrb, Bull. 
Soc. Chim., xlvii., p. 848). At 60° it slowly decomposes into 
COjiNKj, and HjO. , It readily dksolves in water; in the air 
the solution rapidly loses carbonic acid, and on being gently 
heated gives off gas-bubbles, a salt richer in ammonia re¬ 
maining behind. According to Dibbits {Ditigl. polyt. /., ccxvi., 
p. 164), 100 parts of water dissolve 

At O' 10' 16' S()' 56' 80' 

n-9 15-8 18-3 21-0 23-9 27-0 parts of salt. 

On dissolving a gram-mol. in 25 water of 15°, 6-9 cals, are 
absorbed (Berthelot and Andr^). 

, Ammonium carbamate (formerly called dry ammonium car¬ 
bonate). 


is the intermediate term between neutral ammonium carbonate, 

/ONH, 


and carbamide or'urea, 


- /NH, 
CO< 

\nh. 


It is always formed when arampnia ahd carbon dioxide meet 
nearly in the dry state and not too. hot, and even in the 
presence of moisture, if at least 2 vbls. NHj are present to i voL 
COj; hence it is a principal component of commercial ammonium 
carbonate, and can be obtained from this by slow dj.stillatlon, 
‘etc. It occurs in prisms or crystalline laminae or crystalline' 



AMMONIUM CARBONATES 1317 * 

crusts, smells stron^y of ammonia, deliquesces in the air, and 
almost completely volatilizes. • 

The vapour-tensions of ammonium carbamate are (in milli¬ 
metres) (Naumann, Ber., 1871, p. 783; Erckmann, ibid., 1885, 
P-II 57 ):- 

Ato°, 12-4 At 30°, ,124 At54°-75, 563 

„ 10°, 29-8 „ 40°, 248 56 ”-S, 632 

„ 20°, 62-4 „ 47°-25, 361 

The vapours consist of a mixture of NHg and COj. 

At 59° to 60° it decomposes entirely into COg and 2NH3; at 
50° to 55° it is reformed from these components. It dissolves 
in 11 parts of water with considerable absorption of heat, and is 
then quickly converted into the acid salts, ammonia being 
given off. 

Commercial carbonate of ammonia, salt of hartshorn, sal 
volatile, is a mixture of ammonium bicarbonate and ammonium 
carbamate, usually containipg a little adhering water. It is 
formed on cooling a mixture of carbon dioxide (even in excess) ’ 
and ammonia-gas in the presence of sufficient aqueous vapour. 
According to the opinion once generally entertained, it is also 
formed in the quick distillation of any of the ammonium car¬ 
bonates, or of ammonium chloride or sulphate with chalk; but 
Divers has proved that in this case the neutral carbonate is 
formed, and this is only converted into fhe “commercial” 
carbonate in the process of redistillation (sublimation). Experi¬ 
ments made in my own laboratory»have entirely confirmed this 
observation. In all these cases no doubt carbon dioxide, 
ammonia, and water must be assumed to exist free while in the 
state of vapour. Formerly the commercial salt was generall)^ 
composed according to the formula! 

’2(NH*^)HC08, CO(NHg) (ONM,), 

. = 28-81 NHj, 53-96 COg, i5'2S HgO; 
when gently heated in a retort it gradually liquefied, and dis¬ 
solved 

Atl8‘ U ’-7 * 82 - • 40*'6 W 

in 4 3-3 . 27 2-4 2 parts of water. 

Divers has proved that the‘salt analyzed by him (in 1870) was 
Vicher in amftionia* correspondiTig to the formula: 

(NI|,)HCO|, CO(NHj) (ONH^, 

= 32-48 NHj, 56-05 COg, and 11-47 HjO- 
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It remains solid on heating; in the air iteffloresces, tosing 4^'.- 
“per cent, by^weight, and leaving friable ammonium bicarbonate 
behind (of which the commercial salt now sometimes consists- 
altogether, cf, p. 1315). The same is left when the salt is* 
treated with a small quantity of water. 

Vogler {Z. anal Cherny, xvii., p. 451) also considers 
commercial carbonate of ammonia to be a compound of acid 
ammonium carbonate with ammonium carbamate. His obser¬ 
vations differ from those of Divers only by a direct estimation 
of the combined water. 

According to information received from one of the ^largest 
German ammonia manufacturers, two qualities of carbonate of 
•ammonia are found in commerce, one containing about 30 per 
cent. NHj (approaching Divers’s formula) and the other 
containing about 25 per cent NHj. Their value as baking 
powders is nearly the same. The acid carbonate (with 2i'5 per 
cent. NH5) is only occasionally made. 

Commercial “household ammonia,” according to Snell 
(/. Soc. Chenu Ind., 1914, p.. 1177), in the liquid form shows' 
from 1-64 to 10-92 g. NHs in too c.c. Four samples of solid 
household ammonia contained the following percentages; 
water 1605 to 18-39; ammoniunj carbamate (containing 30 
per cent NH3) 1-97 to 9-63; sodium carbonate 57-50 to 
78-14; sodium sulphate 3-00 to 13-56; sodium chloride 0-45) 
to 0-89. 

V Solutions of Carbonate of Ammonia .—Commercial carbonate 
of ammonia dissolves at 15° in 4 parts of water, with con-, 
siderabje absorption of heat, at 65° in i| parts. At 75° .the 
solution begins to give off much CO^, at 85° also ammonia; at 
100° all the salt is volatilized. In dilute solutions the liberation 
of the salt takes place later on (Divers).' ‘ 

The specific gravity of the solutions of commercial ammonium 
carbonate has been,determined by J. H. Smith, with my co¬ 
operation (/. Soc. Chem. Ind., 1883, p. 8o)i The salt experi¬ 
mented on had the composition; 31-3 per cent. NHj, 56-6 per 
cent COj, 12-1 per c^t H^O, wljich tnogt nearly approaches 
Divers’s formula. Th<i. table given, below shows the specific 
-gravities of the solutionf at 15* and the facfbr for reducing the 
specific gravities, found at other temperatures, to 15°. • , 

° Suppose we have found a’ specific gravity of mo8 at 19°, we 
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shall find that at 15?*= M08+00007 (i9-iS)=mio8 = 33.7i. 
per cent, ammonium carbonate. 
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Ammonium Sulphates. 

• 

Several sulphates of ammonia are known: the neutral salt, 
(NH^^SO^, the acid sal^ NH4.H.SO4, a basic sulphate, 
(NH4)3. HSO4, the pyrosulphate (NH4)2S20j, and an octo- 
Sulphate, (N 1^4^0.(504)8. The only one* of these which 
possesses technicaf importance is the neutral salt (NH4)jS04, 
which forms transparent rhombic* crystals, Somorphous with 
potassium sulphate. The ammonium sulphate found in the 
.volcanic regions of South Italy is called mascagnine. ^ Sp. gr. 
176; bitter, acrid taste. It decrepitates on heating. The* 
statement found in the text-books that it fuses at <40°, rests 
acdbrding to \^atson*Smith (/. Soc. Chemr/nd, i8gs, p. 62g; 
1896, p. 3; 1911, p. 253) on a misunderstanding of a remark 
made by Marchand. Normal ammonium sulphate has no 
fusing-point; when heated it decomposes before fusion into 
free ammonia and the*acid suit, NH4.HSO4, which then fuses 
at 140°, as confirmfd iiy Reik {Monatsh., 1902, p. 1033). It’ 
behaves just in the same way under diminished pressure, and 
in vacuo, BSiS, canflot'be sublimated. The acid sulphate fuses,, 
but does not distil, even on heating over the Bunsen burner up 
to a dark red heat. 
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One hundreJ parts of water dissolve *t 

O' lO" , M" 80* 40" 00" 60" 70" 80" 60" 100" 

7i"0 73-65 76-3 78-95 8i-6 84-25 86-9 89-55 92-2 93-85 97-5 

parts of the neutral salt. The sajiurated solution contains 115-3 
parts to 100 parts water, and boils at 108°. 


Specific gravity of the Solutions of Ammonium Sulphate at 
15'C. 
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Ammonium sulphate is insoluble in strong alcohol; but 
soluble in 500 parts alcohobsp. gr. 0 872, or in 62-5 parts alcohol 
sp. gr. 0-90. It dissolves easily in strong or weak liquor 
.ammoniae. In these solutions the sulphates of potassium and 
ammonium replace each other, so that on the addition of one < 
of the solid salts to the solution a corresponding part of the 
dissolved salt is precipitated. The aqudous solution, according 
to Gladstone (Jtikresber., 1859, p. 118), on evaporation loses part 
of the ammonia; if evaporated in presence of hydrochloric aci^, 
ammonium chloride and acid sulphate.are formed. The, 
solution in water causes a depression of temperature, amounting 
to 2-4 cals, on dissolving i mol. in 40am9ls. water. The heat' 
evolved in neutralizing i gram-mol. NHj in HJSO4, both in 
„ solutions, is 28-2 to 29 cats. * • * 

The Mack colour sometimes occurring in commercial sulphate 
'of ammonia, according to J. van den Bossche (/. Gas Lighting^ 
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>. 1914, cxxvi., p. 103) is caused by the presence 6f iron in the 
^sulphuric acid employed for its manufacture. 


Ammonium Sulphites. 

A normal, (NHJ^SOj, and an 'acid sulphite, NH^.H.SO,, 
are known, neither of which is ’an article of commerce; but 
they form an intermediate stage in some processes of the 
manufacture of sulphate, into which they’ pass on exposure 
to the air. 

The normal salt crystallizes in monoclinic, deliquescent plates, 
the acM salt in rhombic prisms. On prolonged exposure to the 
air they take up oxygen and pass over into sulphates, giving out 
heat. 

According to Deck (B. P. 17050, of 1887) the sulphite 
acts better than the sulphate as a fertilizer. It plays an 
important part in the gas-purifying process of Burkheiser 
(p. 1199), by which the sul^uretted hydrogen is converted 
into sulphur dioxide,, which is employed for taking out the 
ammonia. 


Ammonium Thiosulphate, (NHJjSjOj. 

This salt is formed on tlie oxidation of ammonium sulphide 
and is technically obtained from the calciuih salt by double 
decomposition with ammonium carbonate. It crystallizes in 
tabular or prismatic monoclinic orystals, deHquescerrt in the 
air. According to Spring {fieri Ber.y vii., p. 1157) it can be 
sublimated without decomposition; but Divers and O’Haga 
(/. Chem. Soc., Ixxvii., p. 335) found that it decomposes already 
at 150° almost completely, leaving behind sulphur, whilst 
amftionium sulphate sublimates and NHj asid HjS go away. 
It is applied^ to some extent in photography. 

Ammemiutti Persulphate, S205(NHJ2- 

• 

This salt, which has found some application as an oxidizing 
agent, is produced ty electrolyzing a solution of ammonium 
sulphate in salphuwc acid." It forms easily soluble raonoclinic 
prisms. ^Heat of neutralization for ^ moL = i2-4 cals.; heat 
of solution of I part in 125, parts of water = -p y cals» 
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Under the influence of many agencies it yields up oitygeri,; 
with liberation of heat: 

(NH4)2S208, 46oaq.+HijO 

= HjS 04 aq. + (NH4)2S04, aq., + 0 + 37. i cals. 

Ammonium .Nitrite, NH^. NOy 

This salt is found in the air after violent electric discharges. 
It is obtained by double decomposition of plumbic nitrite and 
ammonium sulphate as a crystalline, elastic, tough mass, 
deliquescent in the air. 

According to Traube and Biltz {Berl Ber., 1904, p. 3110) it 
is obtained by the action of electrolytic oxygen on ammonia 
in the presence of copper hydroxide as catalyser, with very 
good yield. 

The dry salt is decomposed on being slowly heated. The 
solution, on landing or slow heating, is smoothly decomposed 
into nitrogen and water: 

NH4,N02->2H204N„. 

When quickly heated to 60° to 70° or by a blow the salt detonates 
with explosive violence. Its decomposition by slow heating is 
utilized in the manufacture of india-rubber balls by the process 
of E. Herbst. 

Ammonium Nitrate. 

This salt has already been prepared by Glauber and 
described as nitrum flammans. It is obtained by slow evapora-, 
tion of the aqueous solution in rhombic prisms, or by rapid 
boiling as a fibrous mass. Sp. gr. 1-64 to 1-79. Neutralizing- 
heat of NHj and HNOj in dilute solutions = 12-3 to 12-5 cals. 
On heating, it melts at 166°, and orr further heating, it is 
smoothly decomposed inte water and nitrogen protoxide; 

NH4NO3 = zHjO + NjO. 

This property is utilized for ^jthe manufacture of nitrogep^; 
protoxide, which is much employed as,an anaesthetic, especially* 
by dentists, .by the name of “ la'ughing-^as.” The fused salt- 
oxidizes most metals. ‘ ‘ 

Nitrate of ammonia mixed with coal explodes on heatii^' 
.to 170”, and deflagrates when thrown dn-to a red-hot plate 
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“ift can also be made to explode by means of mercuric fulminate 
:^Lobry de Bruyn, Ric. trav, chim, des Pays-Bas, y., p. 137). 
It is largely used in the manufacture of explosives. 

Solid ammonium nitrate greedily absorbs ammonia, and is 
thereby liquefied. According to Divers (jChem. News, xxvii., 
,p. 37) and Raoult {Comptes rend., Ixxvi., p. 1261), ICX) g. of 
ammonium nitrate absorb at 760 mm. pressure 35 g. NHj at 
p°, 33 g. at 12°, 21-50 g. at 18°, 23-5 g. at 2^°, 20-9 at 29°, 17-5 
at 30°-5,6-0 at 40°-5,0-50 at 79°. 

Ammonium nitrate is very easily soluble in water, and 
deliquescent in damp, air. lOO g. water dissolve at; 

O’ 12’ 26“ 80“ <0' 00” 60” ’ 70” 80” 90” 100” 

Il8 153 214 24* 297 344 421 499 580 740 871 g. of the salt. 


The solution in water takes place with considerable absorp¬ 
tion of heat, which property is frequently made use of for 
cold -producing mixtures. On dissolving 6 parts of salt in 
10 parts of water, the tenfperature sinks from -l-i3°-6 to 
— I3°-6. When dissolying it in water of o°, ice is separated. 
The solution of i mol. in 200 inols. water absorbs 6-32 cals. 
(Thomsen). * 

The specific gravities of solutions of ammonium nitrate at 
17°-5 C., according to GerlaA, are:— 


gcav. 


Per oentfdiHsolvcd. 
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The aqueous solution 

of 

ammonium nitrate absorbs 
• . . . - 


ammonia almost at the same rate as water. A solution of 
74-1 g, NHjNOg in. 53 g. water absorbs 63-75 g. NHjj for 
each gram NHg 483 dhls. a^p absorbed, and a solution of 
sp. gr. 1-275 is formed.* 

Absolute alcohol* dissolves only 3-8 per cent, ammonium 
nitrate at 25°*, about 100 per ceht. on boiling. Methyl alcohol 
' dissolves, 16-3 per cent, at i8°-5 (Lobry de Bruyn). It is 
* easily soluble in acetone. 
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Ammonium Phosphates. 

The monobasic ammonium salt of orthophosphoric acid, 
NH^.HjPOj, crystallizes in the tetragonal system, is isomorphous 
^with the corresponding salt of potassium, and is less soluble than 
the two following salts. The dibasic phosphate, (N. HPO4, 
is the ordinary commercial ammonium phosphate; it crystallizes 
monoclinically and effloresces in the air, with escape of' 
ammonia. It is found in guano deposits. The tribasic salt, 
(NH^),. PO4+3H2O, crystallizes only from an ammoniacal 
solution ; it also gives off ammonia in the air. The phosphorus- 
salt of analytical chemistry (sal microcosmicum) is acid ‘sodium 
ammonium phosphate, NH,. NaHP04+4H30. 

Ammonium Chromates. 

All three chromates are known; the monochroraate 
(NH4),^Cr04, the bichromate, (NH4)3Cr207, and the trichromate 
(NH4).2Cr30]D. The last two have found application for 
blasting purposes. The bicliromate forms large, garnet-red 
crystals of the raonoclinic system, easily soluble in water. If 
lighted in one point, the decomposition rapidly progresses, 
with production of a strong glow throughout the whole mass, 
leaving a residue of green chromic oxide. The trichromate is 
formed from the bichromate by means of nitric or chromic : 
acid; it forms d^rk red rhombic columns, which at 110° to 120° 
take a black-brown colour and, on being more strongly heated, 
detonate, leaving black chromic oxide, behind. 

Ammonium Chlorate, NH,. CIO3. 

It is formed in«small quantities in the action of chlorin6 on 
ammonia; it is prepared by double' decomposition of barium, 
strontium, or calcium chlorate with the carbonate or sulphate 
of ammoniuln. It forms fine needles or anhydrous columns, of 
burning taste, and decomposes op heatihg to 102° into chlorine, 
nitrogen, and a little oxygen. Its mixtures with organic 
substance explode by percussion, sometimes without external 
cause, with great violence. It 'is easily soluble in water and 
dilute alcohol, insoluble in absolute alcohol. Its ^technical 
application is not coijsiderable. 
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Ammonium Perchlorate, NH^.CIO^. 

This salt lias recently found considerable technical applica¬ 
tions, and serves for similar purposes as the persulphate, supra', 
p. 1321. It is obtained by double decomposition of barium per¬ 
chlorate and ammonium sulphate. It crystallizes isomorphous 
with potassium perchlorate, in the rhombic system; its sp. gr. 
is =I'89; it is soluble in 5 parts of cold water, insoluble in 
alcohol. On heating it splits up according tp the equation: 

NH4.CIO, = Cl + Oj + N + sHp. 

Ammonium Formate, 

It forms monoclinic orystals, of sp. gr. 1 - 2 ( 36 , fusing at 
114“ to 116°. It is easily soluble in water. On heating to 
180° it splits up into form amide and water, with traces of 
prussic acid: 

NH^.CHO. = HaO-fNHj.COn. 


Ammonium Acetates. 

• 

The neutral salt, NH^.CjHjO.^, .forms deliquescent needles. 
On heating the aqueous solution fo 55° it loses ammonia 
and passes into the acid salt. The anhydrous salt, accord¬ 
ing to Reick, fuses at iif° to 114°, splitting up into free 
ammonia, acid sjlt, water, and acetamide. • The, acid salt, 
NHj.CaHgO^+CjH^'Oj, is much more ^stable and can be 
sublimated at 120'’ without decomjjpsition; ib is deliquescent 
in the air, soluble in alcohol, and forms addition products 
with alcohol. 

Ammonium Oxalates. 

The neutral salt, (NHJjCgO^+HjO, is found in Peruvian 
guaifb. It is soluble irr water (at 15° in 23-69 parts) and dis¬ 
sociates on heating the solution. On, heating the salt, it loses 
its water of crystallization without fusing; ji^hen more strongly 
heated, it yields amjnonia, carbon monoxide, carbon dioxide, 
water, oxamide, dicyano^n, ani prussic acid. It possesses no 
technical interest, 'l^focid salt, NH^. H. CgO,-!- H^O, forms 
rhombic prisms, soluble at n°-5 in 15-97 parts of water. On 
being heated,* it fuses in its v^ater of crystallization and is 
iecomposQd at 220° tp 230°, with formation of carbon dioxide, 
»rbon monoxide, formic acid, and oxaminic acid. 



CHAPTER XIII 


SOUKCliS FROM WHICH AMMONIA IS OliTAINRi) 

Natural Occuuurncr or Ammonia. 

Am.vionia, especially as carbonate, is found almost every¬ 
where in soil, water, and air, as a product of the decomposition 
of organic bodies, but in very slight traces. Although the 
growth of plants seems altogether to depend upon the ammonia 
thus presented to them and upon the nitrates formed by the 
oxidation of that ammooia (along with that formed by the 
electric discharge), yet this ammonia is diluted to such an 
enormous extent that it will ever be out of the question to 
recover it in sub.stance. ' 

In some cases rather more ammonia is (tpllected in one spot, 
owing to the absorptive faculty of some kinds of clay, of peat, 
etc. But even in such casc.^ it would seem Jiopelgss to recover 
it in a direct way, .alAough this sometimes becomes possible 
indirectly, when the materials in question are subjected to 
•processes for. recovering other useful substances, c.^., peat to 
dry distillation, for the purpose of extracting oils ancf paraffin. 
Indeed, the principal source of ammonia, coal, seems to owe its 
nitrogen in a great measure tCR the absorptive faculty of some 
forms of decaying organic matter for the amjnonia o( air, and 
of that produced within its own mass. 

A more direct opportunity of recovering ammonia is pre¬ 
sented when, under favourable circumstances, the amrrtbnium 
salts forme^d in the decomposition of organic patter are not, aa 
usual, once diluted and dispersed, but itte allpwod to 
collect and concentrate. ■ *^'hus solid ammonium carbonate 
is found in the ^Uano deposits on the west coast of Sguth 
America, sometimes in such large quantities that it can be 
exported to Europe. Such amm_onj,i{m salt iTrst appeared in" 
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Germany in 1848. The analysis of a sample proved that it 
consisted essentially of ammonium bicarbonate, mixed with 
some insoluble matter. 

Native ammonium sulphate is contained in the Tuscan 
'•'miffioni]' and forms a by-product in the manufacture of boric 
acid. It is also found in large quantities in the soil surrounding 
the lagoonsfand may have been produced by the decomposition 
of nitrogenous organic matter in the rocks composing the 
Tuscan hills; but St Claire-Deville and Wohler assume it 
to be formed in this case by the intervention of boron nitride. 
In an experiment made at Travale, four suffioni in twenty-four 
hours yielded 5 tons of salts, containing 3 cwt boric acid, I-J- 
tons of ammonium sulphate, ij tons of sulphate of magnesia, 
and J ton of sulphate of iron and manganese. Somewhat 
considerable quantities of ammonium sulphate are brought into 
the market from this source. Ammonium chloride and free 
ammonia are also found in the sufiRoni. 

Native ammonium chloride, along with sulphate, is some¬ 
times collected in the neighbourhood of volcanoes, as Vesuvius 
and Etna. This occurrence is never of any technical import¬ 
ance. Sacchi and ftanieri found ammonium salts on Vesuvius; 
Bunsen on Hecla, principally where ^he liquid lava had flown 
over meadpws, wherefore he ascribes the occurrence of the 
ammonium salts to^the nitrogen oPthe plants and its absorption 
from the atmosphert by the porous tuff.' But St Claire-Deville 
and other chemists believe it to be volcanically formed from 
hydrogen chloride, nitrogen, and hydrogen, or else from metallic* 
nitrides. *This is supported by Palmieri’s discovery of ammonia 
in the acid-soaked scoria on the summit and in the crater of 
Vesuvius. 

Ammonium qjtloride is also contained in the Stassfurt 
carnallite. ' In crude natural carnallite Diehl [Chan. Zeit., 
1889, p. 64) found 0-015 per cent, ammonium chloride. In 
artificiil carnapilite, such as is regularly prepargd in the 
manufacture of pctassiijm chloride, Neimke {Hid., 1891, p. 715) 
found^o-g per Cen<^, Trdger 4 82, and Stolle {Z. ange^Chem., 
1891, p. 625) 3-8 per cent. Crude Leogoldshall carnallite, 
accqj-ding to Neimke, contains from 0 09 to 0-27 per cent 
ammonium chloride. Similar results were obtained by Biltz 
and Marcus {Z'anorg. p. 183). 
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In rock-salt and in several descriptions of manufactured 
salt ammonium chloride has been found by A. Vogel (Z. angeiv. 
Chem., 1891, p. 695); in apophyllite,to an extent of 0-33 to 0-51 
per cent., by Freidel and Pisani {Bull. Soc. Franc. MMr., f694, 
p. 142), and by Ltidecke; in Scandinavian primitive rocks by 
Erdmann {Berl. Ber., 1896, p. 710). 

The source of the ammonia in carnallite is in any case a 
primeval marine fauna; the ammonia occurring in primitive 
rocks, however, is ascribed by Erdmann to some “original 
nitrogen” (Urstickstoff), which seems to have played a great 
part in the development of vegetation of those times, and 
perhaps also of the pre.sent time. 

A little ammonia is also present in atmospheric air, in the 
form of bicarbonate, nitrate, and nitrite. It is widely found in 
the animal body, certainly in minute quantities only; and in 
the plants ammonia salts are so generally found that their 
absence must be called an exception. “ 

For the technical prodViction of ammonia and its salts none 
of these natural occurrences are of any importance; only an 
exceedingly minute quantity of the ammonia bought and sold 
comes from these sources. For'our purposes we must look to 
the inexhaustible supply of atmospheric nkrogen, and to the 
combined nitrogen of bygone ages, accumulated ip the coal, 
lignite and peat deposits, ant? in bituminous Tocks.-- 

The most important source of ammonia ift nature is its forma¬ 
tion in the putrefaction of all organic substances containing 
‘nitrogen ; all the more, as also the nitrates occurring in nature 
probably are to the greatest extent for.med through the oxida¬ 
tion of the ammonia evolved in putrefying processes. We can 
follow its formation most easily in the decomposition of urea 
which, as an amide of carbonic acid, needs ofily taking up the 
elements of water to pass into ammonium carbonate: 

C 0 (NH 2 ),% 2 H 20 C 03 (NHj),. 

But also all other organic substances^ir; the state of putre¬ 
faction ^ield up their nitrogen either entirely* or to^aogreat 
part in the shape of aramdhia. 

« Formation of Ammonia. 

Ammonia is formed in manj qjKcs where nitrogen and' 
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hydrogen meet in the nascent state, even when only one of ( 
these substances is in that state. Thus, for instance, ammonia 
is formed by passing a mixture of hydrogen and “nitrous 
vapours” (i.e., a mixture of the oxides of nitrogen)*through a 
gVitly heated tube, filled with porous substances, especially 
platiiTum sponge. Cold platinum sponge becdmes heated to red¬ 
ness in sucl»a mixture, and causes the combination of N and H 
to NHj with great violence. Especially nascent hydrogen causes 
the formation of ammonia from nitrates and nitrites, also from 
the free acids, but best in alkaline solution, when the hydrogen 
is set free by aluminium or a mixture of zinc and iron. Iron 
in a very finely divided state (as “ferrum reductum”) reduces 
nitrates quantitatively to ammonia in a solution containing 
sulphuric acid, upon which reaction Ulsch {Z. anal. Chem., 
XXX,, p. 75 ) has founded a widely used analytical method. 
In concentrated solutions iron alone causes also the decomposi¬ 
tion of nitrates in the* presence of alkali (Lunge,/. Soc. Chemt 
Ind., 1884, p. 287). Sodium sulphide mi the presence of sodium 
hydrate also furnishes ammonia by heating with nitrate; the 
conditions of this reaction, a very important one in the 
manufacture of caustic soda, have been accurately investigated 
by Lunge and J. H.»Smith (ih’d., i88|, pp. 460 and 525). 

Atmospheric nitrogen, according to Schonbein, directly 
unites with the elements of wafer and forms ammonium 
nitrite,. 

2N-l-2H,p = NH^NO„: 

this reaction occurs, to a slight extent, every timfe when water 
evaporate? with excess of.air. The combination of frep nitrogen 
and hydrogen is accelerated by the electric spark or the silent 
electric discharge, but it is alwSys very far from being com¬ 
plete, as the countgr-reaction of decomposing the NHj into its 
elements very soon sets in. Loew (Beri. Ber,, 1890, p. 1443) 
observed that atmospheric nitrogen in'the presence of caustic 
soda is* converlfed by platinum black into nitrous»acid and 
ammonia. 

Aflfm^nia is filfther formed ^y the* decomposTufon of 
cyanogen compounds under the influence ,of moisture. A 
solution of potassium cyanate is quickly decomposed in this 
way; 

ltCNO + 2*i.p^= I^HCOj + NHs. 
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The cyanides also yield their nitrogen in the shape of 
ampionia in contact with superheated steam ; several processes 
for technically obtaining ammonia are founded on this reaction. 

In the‘economy of nature,; the formation of ammonia 
during the decay of nitrogenous organic substances is the most 
important source' of that compound—all the more the 
naturally occurring nitrates are undoubtedly for the most part 
formed by the oxidation of such ammonia. The formation of 
ammonia is most easily understood in the decomposition of 
urea, which, being the amide of carbonic aejd, needs only to 
combine with water in order to pass over into ammonium 
carbonate, 

C0{NfL)., + 2Hp = CO^INH,),. 

hut the other organic substances in the course of putrefaction 
also yield part, or sometimes the whole, of their nitrogen in 
the shape of ammonia. 

For technical purposes it is most impbrtant that nitrogenous 
organic substances, when‘Seated in the absence of air, that is in 
destructive distillation, also yield up their nitrogen, at least partly, 
in the shape of ammonia. Although animal matters contain 
much more nitrogen than vegetable ones, it is a derivative of the 
latter, namely coal, which supplies most of^'the ammonia used 
in the arts and manufactures, when subjected to .destructive 
distillation for the purpose'of obtaining ilhjminating-gas and 
coke. But probably a very large portion ol the nitrogen-in coal 
is due to the animal remains buried in it, and to atmospheric 
ammonia absorbed, as we shall see later on, 

‘ We shall now 'treat separately ©f the various ^technical 
sources of ammonia. 

Synthetical Pkoduction ok Ammonia‘kkom Nitrogen 
AND Hydrogen. 

The fiijst attempts at producing ammonia from atmospheric 
nitrogen were made in the middle of thj I^st century. In 1871, 
the Soy^te d’encoujagement pout I’industrie,national^ ill Paris 
offered a prize for the fixafion of atmospheric nitrogen in the 
shape of ammonia or nitric acid. According to Birkel^nd’s 
calculation, theweight of the nitrogen of the air, lying overeadi. 
square kilometre of the earth’s surf^^e, is aboilt 8 million tons,* 
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which would suffice for supplying the total wants of combined 
nitrogen for about twenty-five years, and the surface of 
the earth has an area of more than $00 iftillions of sq. km. 
The^ figures speak for themselves. But for the psocesses to 
be^described for converting free nitrogen into ammonia, it is in 
most*cases necessary to obtain the nitrogen in a pure state, 
more particularly free from oxygen. We shall first describe 
the processes proposed for obtaining the nitrogen in this state. 


Isolation of Nitrogen from Atmospheric Air. 

The proposals made for this object are partly of a chemical, 
partly of a physical, and partly of a combined kind. Since this 
matter is only of secondary importance for our purposes, 
we treat it only briefly. For further particulars we refer the 
reader to the technical literature, the book of Donath and 
Frenzel, Die technische* Ausnutzung ties atmospharischen Stick- 
stoffes, pp. 11 to 38. • 

Chemical Processes. —These consist in removing the atmos¬ 
pheric oxygen by oxidizable substances, principally copper., 
leaving the nitrogen behind. The Cyanid-Gesellschaft m. b. H. 
(Ger. P. 218671) paj^es air over finel>^ divided, red-hot copper; 
this is thereby converted into cupric oxide, which later on is 
again reduced to tlif metallic state.* Two concentric cylinders, 
filled with copper, seiVe in turns for the oyid^tion and reduction, 
the former by blowing in air, the latter by blowing in a reducing 
gas. The heat produced by the reaction is utilized <n both cases, 
and the process, once started by heating up, can be continued 
without supply of-heat from without. 

In lieu of atmospheric air, the^a^cj from combustions (smoke- 
gases) or lime-kilt^ gases may be employed, but in these cases 
the aarbon dioxide and monoxide must be removed, since they 
cause trouble, e.g., in the manufacture ®f “ lime-nitrogen ” from 
carbide (Caro, Z. angew. Chem., 1909, p. 1197). , 

The Nitrogeq - Ge^llschaft m. b. H. (Ger. P. 215608.; 
the British pStenb for it is taken out by R. Ri^l, No. 
20631, of 1908) proceed as follows *—-The smoke-gases, passed 
over^the mixture of copper and cupric oxide, are mixed with 
reducing-gases or vapours, whereby the combustion process in 
the heating-planl is made.independent of the processes going 
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on in the Cu—CuO— mixture, and the heat of combustion is 
better utilized. After condensing the water, the nitrogen and 
carbon dioxide are separated in the well-known manner. 

Very important is the observation of N. Caro, that thft red- 
hot mixture of Cu and CuO removes not merely the oxygpn, 
but also carborr monoxide. Therefore when empteying 
producer-gas made from coke, or smoke-gases, therf is always a 
product obtained containing only nitrogen and carbon dioxide 
which, on being passed through a solution of sodium carbonate, 
gives up the COj and leaves pure N behind. This forms 
the subject of the B. P. 16963, of 1908, and the Ger. P. 
204882, taken out by A. Frank and N. Caro, which 
runs as follows:—Producer-gas is burned by atmospheric 
air; the gaseous mixture formed thereby contains, besides 
nitrogen, an excess of O, CO, COj, and hydrocarbons. These 
gases, after being cooled down and mechanically purified, are 
passed through a retort, containing mixture of metallic 
copper and cupric oxid^ Here the oxygen is retained by 
the metallic copper; the carbon monoxide and the hydro¬ 
carbons are burned by the oxygen of CuO into CO, and HjO. 
Hence the gases on leaving the retort consist merely of 
nitrogen and carbon dioxide; the lat1,pr is removed by 
absorption in the well-known way. Thus the atmospheric 
oxygen is completely converted into carbpn dioxfde, and the 
nitrogen remainec^ free from carbon monoxide and hydro¬ 
carbons. 

Cunningham (B. P. 25605, of 1906) burns limestone and 
coke in a lime-kiln. The escaping gaseous mixture of carbon 
dioxide add nitrogen, with a little oxygen, is passed through an 
ammoniacal solution of commo^ salt, where the COj is retained 
and practically pure nitrogen passes out. 

Hurford (B. P. 19402, of 1908) employs as .source of nitrpgen 
the gases produced by .burning coal-gas, petroleum, etc., which 
must be free from carbon monoxide, and renjoves COj, SOj, 
and aqueous vapour by washing. C^thpr patents are those 
of Wejton (Ger. P. 279009); Bergfeld (Gb;. P." 276 y 4 

The physical methods fof separating the atmospheric nitrogen 
and oxygen are ot! one side founded on the difference in the 
sjjced of diffusion on passing them through a membrane, on the 
other side on the different 'capacity, of absorption of certain 
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substances for the two gases, and especially on the difference 
in the boiling-points of the liquefied gases. The last-named 
process has turned out to be the most impdttant for technical 
purposes. . 

• Already Graham observed that air does not pass unchanged 
throil|;h indiarubber membranes, but the diffused gases are 
richer in oj^gen ; on repeating the process several times with 
the same quantity of air, ultimately a gas mixture containing 
up to 93 per cent, oxygen is obtained. Margis (Ger. P. 17981) 
and Leonhard Roth (Gcr. P. 197393) founded special processes 
on that observation. The latter causes the air to diffuse 
immediately before its action on silicon carbide through 
membranes which retain the oxygen, whereupon the nitrogen 
is retained by the mass beyond the membranes, with formation 
of nitride, before the oxygen can act; the oxygen later on 
burns only the carbon present, and does no harm. A suitable 
apparatus is described.in the patent specification. In actual 
practice a mixture of silicon carbide .and iron is heated in a 
suitable furnace in which is inserted a membrane of burnt clay, 
60 rpm. thick. 

Mazza (U.S. P. 1137617) separates the constituents of air 
and other gaseous nyxtures by centrilfigal action. 

Mallet founded a .separating process on the difference of the 
coefficients of absc^rption of oxv,en (0-046) and nitrogen 
(0-025) ;n water of Ordinary temperature' at; higher pressures, 
5 atmospheres. 

Montmagnon and Delaire {c/. Donath and P'rt'ozel, /oc. a’i., 
pp. 13 and 14) found that too litres of wood charcoal absorb 
925 litres oxygen and only 730 litres nitrogen from atmospheric 
air, and utilize this for scparating*them. 

None of the jtist-mentioned processes seem adapted for 
beings carried out on a large scale, except under special circum¬ 
stances. But of the greatest importajice are the processes 
based oti the fmciional distillation of liquefied air, thg boiling- 
point of liquid oxygipn, being=-t83°, and that of liquid 
nitroge*i=,-i9B*, \vd9ich admits of separating them‘ip the 
same way as a mixture of alcohol a^d water, and of benzene 
and t(jluene. 

We cannot here enter on the liquefying of aif by the well- 
known process of Linde and.Pictet ;*we refer to their description 
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in many technical publications, c./., Donath and Frenzel, loc.cit., 
pp. 15 to 38. According to Linde, nitrogen can now be 
obtained in such 'a state of purity that the trace of oxygen it 
may contmn cannot be detected by gas-analysis. 

L. Roth (Gcr. P. 197393, of 1908), in order to prevent the 
injurious effect oV the oxygen in the preparation of nftrides 
from air, separates oxygen and nitrogen by dialyzing the air by 
means of a finely powdered mixture of amorphous silicon 
carbide (obtained as a waste product in the manufacture of 
carborundum) with half its weight of iron, placed on slabs of 
burnt clay, 2^ in, thick, built in a furnace. When forcing the 
air upwards through this mixture, the nitrogen passes through 
first and can be converted into nitrides. 

R. P. Pictet (U.S. P. II19312; Ger. P, 272675) separates air 
into oxygen and nitrogen by subjecting an upwardly moving 
stream of air to the action of a descending stream of nitrogen 
in a column .so constructed that a succession of liquid layers is 
formed. In de.scending^ the liquid nitrogen dissolves oxygen 
from the gaseous air and becomes progressively richer in 
oxygen. The layers of liquid nitrogen arc then caused to boil 
by the action of a succe.sjion of streams of nitrogen forced into 
the apparatus at different heights and passing to the upper 
end through the liquid layers without mixing therewith. These 
streams of nitrogen are su(l/plied under sufh different pressures 
that the nitrogen jbst liquefies at th^ temperature of the 
mixture of nitrogen and dissolved oxygen at the point of 
‘ entry of the nitrogen. 

Jaubert (Ger. Ps. 262728, 277717), obtains pure nitrogen and 
oxygen by liquefying air and rectifying this, 

A. Neumann (Ger. P. 285518) describes an apparatus for 
liquefying air and separating its constituents. 

The Compagnie Internationale de I’Oxygine (Fr. P. 466315) 
separate liquid air into N and 0 by conducting-it in a thin 
layer dojvn over thin-coated plates of extended surfafce. The 
sole heating agent is the nitrogen escaping in the lower portion 
of the column by the distillation of the aifi- ‘ r 

Ges. f. Lindejs Eisroaschinen A.G. (B. P. 24735, of 1914) 
describe a vertical column-apparatus for separating the con¬ 
stituents of ah’. 

Eggert (Z. Elcktrochcm., 1915, rSxi,, p. 349) communicates 
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his experiments on activating hydrogen and oxygen by means 
of platinum. , 

The preparation'of pure nitrogen from air is also treated 
infra*m. connection with the synthesis of ammonia* by means 
oftyiyiides and cyanamides. ^ 

A number of other patents will be mentioned in the Addenda 
at the close 6f this volume. 

Preparation of Hydrogen. 

This is required for various purposes, one of which is the 
synthesis of ammonia. We enumerate some of the patents 
taken out for it. 

Niiher and Noding (Ger. P.s. 279726, 286960) pass steam, 
superheated to about looo", successively over copper and then 
over iron, in a retort heated to about 800“. From the metallic 
oxides thus formed the metals are regenerated by means of 
water-gas, produced frofn the undecomposed steam. 

The Badische Anilin- und Sodaf&brik (Ger. Ps. 271516, 
279852) produce it from mixtures of carbon monoxide and 
steam with the aid of catalyzers, such as oxides of chromium, 
thorium, uranium, beryllium, antimo*y, at temperatures not 
exceeding 600°. TlTe contact ma.sses are applied in a finely 
divided or porous form, preferably in .sticks with a binder. 
They are prepared^by calcining a mixture of nitrates or 
hydroxides at not too high a temperatureT The process is 
also of value in removing Small amounts of carbon monoxide. 
In gas mixtures rich in CO, the principal portion of the CO 
can be converted into GO.^ catalytically in another manner. 
E.g., a mixture of 85 parts Fe2(NO.,)„ and 15 parts Cr(N03)3 
is precipitated with NH^.OH; the hydroxide mixture is dried, 
moulded, and then charged into the contact furnace. Already 
at 400° to- 450', a very energetic reaction proceeds between 
the steam and carbon monoxide. To* the above mixture of 
nitrates,*25 parti of ammonium nitrate may be adde^. Good 
results are obtained with a mixture of 97 parts ferric ^nitrate, 
2-5 chAmium n*itrate, and 0-5 thorium nitrate, converftd by 
heating into the oxide mixture. • 

The same firm (Fr. P. 463114; the U.S. P. 1128804 is taken 
out by Mittasch §ind Schneider, assigned to the Badische) pass 
a mixture of hydrocybonf«and steam over magnesia, covered 
with a catalyzer, such as racket or’nickel oxide, heatec^to 800° 
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to 1000". The resulting gaseous mixture is freed from carbon 
monoxide and dioxide, leaving substantially pure hydrogen, 
suitable for the catalytic production of ammonia. 

The same firm (B. P. 14509, of 1913, taken out by J. Y. 
Johnson; Ger. P.,279954; Fr. Ps. 439262 and addition 18699) 
purify hydrogen from sulphur by heating with a solution of 
caustic soda of from 10 to 50 per cent, to 150" Vo 225° at a 
pressure of 50 atmospheres. 

The same firm (Ger. P. 282849; Fr. P. 459918) prepare 
hydrogen from carbon monoxide, or gases containing such, 
and aqueous vapour by the aid of catalysers, containing, besides 
nickel or its oxides, prevailing quantities of iron or its oxides. 
Their Ger. P. 284176 describes for this purpose a mixture of 
3 parts cerium nitrate and i part chromium nitrate, dissolved 
in hot water and precipitated by ammonia, moulded, dried, and 
treated at 450° to 550° by a mixture of steam and water-gas. 

Their Ger. Ps. appl.^368240, B70598, and B78324 describe 
nickel or cobalt chloride as catalyzers. 

According to their Ger. P. 283501 (Fr. P. 453077) hydrogen 
is prepared by alternatively decomposing steam by metallic 
iron at higher temperatufes and again reducing the iron oxides 
formed, starting from porous or spongy iron which had been 
obtained by reducing iron^gxides or ores of any description, 
bedding them in coal,^and heating from w/'thout. An excellent 
material for this purpose is the “ Swedish'spongy iron,” prepared 
in that way. from Swedish small ore (“ Schliech ”), but other 
descriptions of iron, prepared as above, may be usqd as well. 
This spongy iron, after having been u'sed for a short time, turns 
very hard, remaining, however, very porous and easily reacting. 
Further patents of the Badische on this subject are: B. Ps. 
27955, of 1912; 8864 and 27963, of 1913;''8029, of 191.^ 

Their B. P. 1649^, of 1914, prescribes passing gases, 
containing carbon monoxide, in admixture^with st^am, at 
temperatures not appreciably higher than 650" over spathic iron 
ore or .hydroxide iron ores, preferably free'' ffero phosphorus, 
sulphur, or silicon, in the form of grains, or' of pieced prepared 
by means of a birrding agent, such as the hydroxide or salt of 
iron or alumii;ium. * 

Dieffenbach and Moldcnhauer ^ (B. P. .12051, of 1910J 
Fr. P. 444044: Ger. P. 27^704;) describe the production of 
hydrogtn, njtrogqn, or mixtures oflp6th.‘ 
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The Centralatelle fiir wissenschaftlich-technische Untersuch- 
ungen, Babelsberg (Ger. P. 286666; Fr. P. 469390 - 
reactions in which hydrogen is evolved under pressure and 
at Ifigh temperatures, e.g., the synthesis of ammonia in an 
afpyatus comprising an exterior (metallic) receiver, capable 
of supporting the pressure, and an interior vessel {eg., of 
glazed poftelain, glass, quartz, etc.) capable of resisting the 
chemical action and the diffusion of the hydrogen. Or they 
effect the reaction in an inner porous receiver which is 
separated from the outer wall supporting the pressure by 
a composition capable of resisting the chemical action and 
diffusion of the hydrogen. 

Kausch {Chemische Apparatur, 1915, p. 125) discusses the 
recent apparatus proposed for preparing hydrogen on the 
large scale, 

Uyeno (B. P. 11838, of 1912; Ger. P. 259530; U.S. P. 
1120768) makes hydrogen by the action of hot water on an 
alloy of aluminium, zinc, tin, and mertury. 

The Soc. I’Air Liquide at Paris (B. P. 13160, of 1914; 
Fr. Ps. 453187, 469S54; U.S. P. 1135355. of G- Claude) makes 
hydrogen by compressing and cqoling water-gas in heat 
exchangers, so thaft: the carbon monoxide is condensed. 

Messerschmitt (B. Ps. 17690, 17691, 17692, 18028, 18942, of 
1913; Ger. Ps, 2748^0,276132.276519,277500,284532) produces 
hydrogen by alternate reduction and fixidation of iron ores, 
the heating being effected by a gas of low calorific power, 
and the reduction by a gas of high calorific power,* 
employing a modificatipn of the furnace described in B, P. 
12242, of 1912. 

J. L. .Buchanan and E. B.'Maxted (B. P. 6477, of 1914) 
produce hydrogen from carbon monoxide (water-ga.s) and 
stejftn at high temperatures by means of a catalyst composed 
of a lixiviated mixture of oxide of kon and sodium ferrite, 
reducecl in a cifrrent of hydrogen and moistened witlj a solution 
of copper nitra.te,.wher*by a copper-iron couple is formed. 

Sdhaffer {^. R’‘257io, of 1913^ Ger. P. 289208 ;*.U.S. P. 

1144730) obtains hydrogen by the successive oxidation of iron 
by neans of steam and reduction of the oxide formed by 
means of water-gas. The first direct heating fakes place with 
*an excess of air, by whfch the deposition of dust, carbon, and 
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sulphur compounds on the iron is avoided. Quite similar to 
this is the Ger. P. 289207. 

Julius Pintsch Akt. Ges. (B. P. 28904,0! 1913; Fr. P. 466739; 
Ger. P, 285160) obtain hydrogen from steam by passing* thi.s 
over hot pyrites cinders, whereby ferrous silicate is formed.^ As 
this fuses and stops up the pores of the material, compressed 
artificial stones of iron oxides or carbonates, and di' oxides or 
carbonates of Mg, Ba, Sr, Al, or Ca-Mg -0 are employed. 

Further patents:— 

Fresnaye and Suchy (Fr. P. 476454). 

S. A. I’Oxhydrique fran^aise (Ger. P. 277434). 

Jaubert (Ger. Ps. 272609, 272635; Fr. P. 454616). 

Maschinenbau-Anstalt Humboldt (Ger. P. 253706). 

The Soc. I’Hydrogene (Fr. Ps. 465474, 469489, and 472373 ; 
B. Ps. 28390, of 1913, and 6115, of 1914; U.S. Ps. 1118595 and 
1129559) manufactures hydrogen by the alternate action of a 
reducing gas and steam upon heated ferruginous matter. To 
prevent accumulation of 'oxidizable matter introduced into the 
ferruginous mass by the gases employed for heating and 
reducing, the preliminary heating is produced by means of 
water-gas burnt with ar^ excess of air, and the subsequent 
periodical heating with air alone. (The British, French, and 
American patents are taken by the Berlin - Anhaltische 
Maschinenbau, A.G.) * ^ 

R. P. Pictet (P'r. P.s. 421838 and 421839; U.S. P. 1134416; 
Ger. P.S. 255733, 257715, 277115, 289065) produces hydrogen by 
''passing acetylene through a tube, the front portion of which is 
heated to about 500°, at which temperature the gas dissociates 
into its elements with evolution of so much heat that it suffices 
for dissociating fresh quantities of acetylene without, external 
heat. The rear portion of the tube is surrounded by a refrigerat- 
ing appliance, and the products of decomposition, hydr(%en, 
and lampblack are passed into a suitable apparatus for their 
separatioix In the same way exothermic hydrocarbons, such 
as petroleum vapours mixed with steam,-may be decomposed 
with the formation of hydrogen and carbon monoxidt. By 
, admitting a regula,ted quantity of oxygen, the combination of 
this with nascent carbon provides all the heat required by the 
reaction. The^tube may be.,made of steel, iron, or porcelain; 
the conduits are preferably made of iEtin coyered with nickel. " 
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Bergius and Chemische Fabrik Aktien-Gescllschaft vorm. 
Moritz Milch & Co. (Ger. Ps. 254593, 262831, 277501, 286961) 
prepare pure compressed hydrogen by converting powdery 
mettllic iron into ferroso-ferric oxide by heating with water to 
about 300°, whereby elementary hydrogen is set free. A high- 
pressure vessel, provided with a reflux cooler, i.s charged with 
powdered %on, water, and (for the purpose of hastening the 
reaction) a small quantity of an electrolyte, such as sodium 
or ferric chloride. On heating at a pressure of 300 atmospheres, 
hydrogen is evolved and collected in a bomb attached to the 
apparatus. The hydrogen thus obtained contains less than 
yJ-j per cent, of impuritie.s. According to their Ger. P. 286961 
the action may be carried on continuously by employing water 
in the form of steam, at a prc.ssure of 150 to 200 atmospheres, 
not above 500’. 

The Farbenfabriken vorm. Bayer (Ger. P. Appl. F37.S34) 
prepare hydrogen and oxygen by means of continuous 
electrolysis, employing a specially coflstructed electrode in the 
form of a “channel diaphragm.” 

The Internationale Wasserstoff Aktien-Gesellschaft, P’rank- 
furt a. M. (Ger. Ps. 220889 ■’■id 2447.Y3), employ pyrites cinders, 
after completely removing any sulphur and volatile metals by 
heating, foj preparing hydrogen, for which purpose the cinders 
are specially adapted by their pofosity and high fusing-point, 
facilitating the recfuction to metallic Iron. They affect this 
reduction by water-gas, as rich as possible in hydrogen, in 
perpendicular, U'^haped retorts, heated to 800“ by gaseous 
fuel, and they obtain giis containing 98 per cent.^ hydrogen. 
This process is employed by the German and Austrian 
aeronautic troops. The pyrites'einders have against the other¬ 
wise used miner^il ferric oxide the advantage of retaining 
theh’ solidity after prolonged use, and of offering an extended 
surface to the action of steam, owing te their great porosity. 

The Chemische Fabrik Griesheim-Elektron (Ger. jPs. 263649, 
284816) prepares hydi»gen from carbon or carbon monoxide 
contafniag gases, .sttam, and alkaline, or earth-alkaline°o«ides or 
hydroxides. Hydrogen is obtained by passing gases containing 
carbon monoxide, together with steam, over caustic lime or 
caustic soda, at temperatures between 450 lo 550 - This 
•reaction is greatly prontated by working at higher pressures 
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and correspondingly higher temperatures. Steam, or a mixture 
of steam and gases containing CO, is passed at pressures from 
10 to 100 atmospheres over a mixture of CaO or NaOH with 
coal. If ftierely gases containing CO are employed, food 
results are obtained already at a presssure of 5 atmosph^er^, 
When employing lime, the temperature should be 600° to 800'; 
vyith BaO or caustic alkali it may be considerably Idwer. This 
process is specially advantageous when pas.sing steam over 
a mixture of lime and carbon at a pressure of 10 atmospheres 
or upwards, whereby nearly pure hydrogen is obtained. The 
reactions going on are;— 

C + 2H.P = CO2 + 2H,, 

COj + CaO = CaCOj 
CO + H.P = CO,,+ H,,. 

Since the reactions themselves give out sufficient heat, 
no heat need be applied from without, if the apparatus are 
of sufficient size. Or else a mixture of carbon and lime is 
treated in a tower, first with air; the carbon serves both as 
a source of heat and for decomposing the steam. When the 
desired temperature has been attained, the air is cut off and 
water or steam under a pressure of 20 atmc^pheres are passed 
over the mixture on the top. The spent lime is taken out 
at the bottom, mixed withrfresh carbon, and charged again 
at the top. As “carbon” e.specially lignf^te or charcoal are 
recommended, since these react at lower temperatures, and 
•more quickly, than coal or coke. 

Fusther patents will be enumerated in the Addenda. 

< * 

Production of a Mixture of. Nitrogen and Hydrogen for 
preparing Ammonia. 

Weise-and Riche (U.S. P. 1098139, 1914; the‘Fr, 
P. 466679 is in the naftne of Rud. Koepp & Co.) produce 
sodium foemate by heating caustic soda with* producer-gas; 
in-this process nitrogen escapes and is collected in a gas-holder. 
The formate is then conv^ted by heatinf "into oxalatS, and 
the hydrogen fori^ed thereby is mixed with the nitrogen 
previously obtained. 

Wolf (Ger. P. 281317) alsp describes the preparation of a 
mixture of hydrogen and nitrogen. •* 
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Manufacture of Ammonia from Free Nitrogen by High Tempera¬ 
tures, with or without the Intervention nf Catalytic Agents 
except by the A id of Electricity). 

Very many proposals have been made for combining free 
nitrogen with hydrogen, with or without the aid of catalytic 
substance* In all cases regard must be had to the fact that 
the inverse reaction, that is, the decomposition of ammonia into 
its elements, by heat or electricity, takes place by the same 
agencies, and frequently to a much greater extent than its 
formation, as we shall sec later on, so that some special agency 
must be found which favours the formation, and suppresses the 
decomposition of ammonia. 

Ammonia can, by the action of catalyzers, at high tempera¬ 
tures be formed directly by the union of nitrogen and hydrogen. 
On the other hand, the same agents also decompose NHj into 
Nj and Hj, so that we must write the equation : 

N2+3H., 

and an equilibrium must exist between those two inverse 
reactions for every given set of jonditions. On this point 
several communications have been made by Nernst, and more 
particularly by Haber, with van Oordt, Rossignol, Jost, and 
other co-operators ^0 which we caTinot refer in detail [Z. anorg. 
Chemt, xliii., p. in; xliv., p. 341; Oa/r. Zentr., 1905, ii., 
pp. 495 and 1300; Ber., 1907, p. 2146; Z. FHcktrochem., xiii., 
p. 521; xiv.. pp. 181, 373, 509; XX., p. 597; 3 sxi., pp. 89, 128: 
and 241“). ^ 

Bunte (/. Gasbcleucht., 1910, p. 868) discusses fhis class of 
processes from the economical point of view [which since then 
seems to have considerably changed]. 

•We shall now enumerate both the laboratory experiments 
and the proposals of inventors for firactical objects in that 
direction. * » 

H. Flecl^,! describes the following experiment. When 
hydrtite of lirn'e is'* brought to a red-heat, its chemidldly com¬ 
bined water is split off, and in this state it is more prone to be 
deoomposed. If, therefore, a mixture of nitrogen and carbon 

t 

' Die FabrikaUon chemischer Fndutte aus thierischen Abfdtten (Braun¬ 
schweig, 1862), p. 48, . 
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monoxide is present at the same time, the following reaction 
takes place:— 

2N+'3CO+3lUO = 2NH5 + 3 CO,j. 

This reaction was utilized by passing atmospheric air 5 ver 
charcoal contained in an iron tube heated to a red-heat ;^ th1 
issuing gas was paskd through boiling water, and then through 
a porcelain tube filled with hydrate of lime. Wh^hever the 
latter tube was heated to a temperature “ between dark red and 
bright red,” considerable quantities of ammonia were formed (in 
one case i6 g. NHjCl from 15 cub. ft. of air); but a little 
above or below that temperature the evolution of ammonia was 
very slight, or ceased altogether. Fleck himself published his 
experiments only as a stimulus for further trials. Weinmann 
{Ber., 1875, p. 977 ), on repeating Fleck’s experiments, could not 
obtain any ammonia; but this may have been due to his not 
having hit the precise temperature required; nor was Mond 
(Z. angew. Chem., 1889, p. 513) more succe.ssful. 

Maxwell Lyte {Bnll. 5 £/t. Chim., 1876, xxv., p. 427) passed a 
mixture of steam and nitrogen over certain alloys or other 
compounds of the metals of the alkalis or the alkaline earths, 
or zinc, namely, alloys ofi antimony, bismuth, arsenic, or tin 
with sodium, potassium, or zinc. The hydrogen liberated was 
supposed to unite with the nitrogen and to form ammonia. 

Ed. Solvay {Bull. Soc. Chim., 1876, xxv., jj. 527) impregnated 
coke with magnesium chloride, and heated the mixture by 
means of a blast. The products of combustion contained 
Sal-ammoniac,' which was to be recovered by condensation. 
The priority of this intervention was .claimed by R. Wagner 
{Jahresber. d. chem. Techn., 1876, p. 444). [Probably any ammonia 
formed in Solvay’s experiments‘w'as derived from the nitrogen 
contained in coke; cf. later on.] t 

G. Swindells (B. P., 2i.st June 1876) passes a mixture of'air 
and steam over red-hot“coals, and the resulting mixture of 
gases through a solution of caustic soda. The escaping mixture 
of hydrogen and nitrogen is to be conveeted into .ammonia by 
heating .id chambers filled with burnt clay.” [In all likelihood 
the ammonia found J>y Swindells was likewi.se formed from the 
nitrogen of the toal.] 

J. P. Rickmafi (B. P. 3341, of 1878; Ger. P. .8238) employs 
slanting retorts, made of iron or fireclajl, of an elliptical section, 
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filled with coke or spongy iron, and heated to about 550° C. 
At the lower end a mixture of steam and air is blown in; the 
steam is decomposed, and the free hydrogeft combines with the 
nitregen to form ammonia, which issues at the upper end of the ’ 
retort, mixed with the excess of steam. 

A modification of this proposal was ’patented by J. ■!’. 
Rickman »long with J. B. Thompson in 1880 (Ger. ]’. 10889). 
They expose coal to a slow combustion with access of air and 
steam in regulated quantities. 

G. Th. Glover (B. F. 1890, of 1880) pa.sses combustion-gases, 
containing a large proportion of nitrogen, mixed with .steam 
and hydrochloric acid, over red-hot coals or bituminous shale. 
The ammonium chloride formed is to be condensed by cooling, 
or is passed into sulphuric acid. 

To the proposals of Rickman, Thompson, and Glover, we 
must apply exactly the same observation as to that of Swindells. 
Mond (/. Soc. Chan. Ind., 1889, p. 505) confirms the statement 
that any ammonia obtained in th*se ca.ses comes from the 
nitrogen originally pre.sent in coal. 

Serret (Fr. P. 4626S3) employs a mixture of carbon and alkali. 

H. Endeman {Ainer. Chan. /.,,viii., p. 47) observed the 

occurrence of ammonium thiosulphate as a condensation 
product from a gas-producer in which a mixture of air and 
steam was forced through anthraeitfe coal, and he believes that the 
sulphur was derived from the anthracite? coal, the nitrogen from 
the atmospheric air, and the hydrogen from steam. There is, 
however, no proof whatever given that the coal did not contairf 
sufficient N to account for the NH^ formed. ^ • 

G. S. Johnson {Chan. News, xliii., pp. 42 snd 288) states 
that ammonia is formed if ‘nitrogen, prepared by gently 
heating a mixed^olution of potassium nitrite and ammonium 
chleride, is mixed with hydrogen and the mixture is passed 
over red-hot platinum sponge; or else if such nitrogen is 
passed over eold platinum sponge charged witlt hydrogen, 
No ammonia ^as. Sprmed when the nitrogen was first 
heat»d in a * rad-hot tube, or when it was obtained by 
passing atmospheric air over red-hot qppper. From this 
Johiison concluded that nitrogen, like phosphorus, occurs in 
two modifications, only that formed in the cold being “ active. 
’These assertions were •tested by Miss K. I. Williams and 
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Ramsay {Proc. J. Chem. Soc., i886, p. 223), but with 
a negative result. The total of “active nitrogen” found in 
litres of nitrogen prepared in the cold, as tested by 
' the formation of NH,„ was only 0-000055 g.—that isj so 
slight a quantity, that it must be attributed to accidental in»- 
purities not entirely removed by washing the gases. Johnion’s 
statements were also contradicted by Baker [Clhiii. News, 
Ixviii., p. 187). 

Twinch (B. 1 ’. 3712, of 1881) passes a mixture of steam, 
atmospheric air, nitric oxide, and caustic-soda solution into a 
cylinder filled with granulated zinc. The nitric oxide takes up 
the oxygen of the air, whose nitrogen then forms ammonia. 

According to Ramsay and Young {cf. Grossmann, Das 
Ammoniak, 190S, p. 2) only traces of ammonia are formed if 
a mixture of nitrogen and hydrogen is passed through a red- 
hot tube filled with iron filings. 

Brunei and Woog {Comptes mid., 1907, cxlv., p. 922) employ 
nickel oxide as a catalytical substance for forming N Hj from 
air and hydrogen at a temperature of 240" to 240" C, kept up 
by a boiling petroleum bath. 

Woltereck (Ger. P. 14^712; B. Ps. 2461, of 1902; 16504, 
1904; 8358, 1905; Fr. Ps. 332591 and 345399 ; U.S. Ps. 803652 
and 803653) prepares ammonia synthetically from mixtures 
of hydrogen and atmospheric air by means of intermediary 
substances acting a,s occygen carriers, such as the oxides of 
iron,chromium, and bismuth. The ordinary contact substances, 
is platinum in. a.finely divided form,' charcoal, etc. (^, however, 
below 1)^ cannot be applied here, since the oxide, reduced by 
hydrogen, must be always oxidized again in the presence of 
steam. The metallic oxides • are therefore mere chemical 
agents, being reduced at- the first stage ^nd reformed at 
the second stage. He operates as followsA mixture, of 
atmospheric air and of ^ases containing free hydrogen, e.g., 
ordinary co,|Ll-gas, more or less saturated with aqueous vtipour, 
is passed over ferric oxide heated to a dpll-jed^ heat, preferably 
in the s^isfpe of rolls of iron wire, previously <on\^rted to ferric 

C 

' Therefore the prefcess, described in Ger. P. 74275, for producing 
ammonium bicarbonate or formate by passing a mixture of CO or COj 
with N, H, and steam over contact ^substances cannot be successful, since 
oxygen is absent here, as Woltereck found on^utting it to a practical test. 
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oxide. When employing ordinary coal-gas for this mixture, 
there is a strong formation of organic amines which must be de¬ 
composed by washing the product with strong alkaline solutions 
at a ifaoiling heat, and thus forming ammonia before the gases 
are absorbed by acid in the usual manner. Or else a mixture of 
abou't equal parts of atmospheric air and water-gas is more o.r 
less saturat’d with steam and treated in the same manner by 
passing it over the metallic oxide at a dull-red heat. In a 
laboratory experiment quoted by the inventor he obtained a 
yield of 6-3 per cent, of the theoretically possible quantity of 
NH.„ when employing coal-gas as the source of hydrogen. 

Later on, in Comptes rend., 1908, cxlvi., p. 194 [J. Soc. 
Chem. hid., 1908, pp. JS8 and 978; C/icm. Zenlr., 1908, i., 
p. 1142) Woltereck quotes some details of his experiments. 
When passing a mixture of air and hydrogen through water at 
80° C., and then over reduced iron or the oxides of bismuth, 
chromium and iron at 300" to 350" C, considerable quantities of 
NHj were formed. The result is very much improved by the 
introduction of steam. The best results are obtained by passing 
a mixture of i part H and 78 parts air, saturated with steam at 
80° C., over iron-wire gauze, first qjcidized, and before the 
experiment again rqfluccd by means of CO, at a temperature of 
300° to 350°. Thus from too litres air in four and a half hours 
204 mg. Nflj were obtained. Sinre the iron mu.st be again 
brought to the metallic .state before each experiment, Woltereck 
now states that it is better replaced by coke or charcoal. Eighty 
g. coke on burning by 868 litres air, saturated with .steam at 80", 
furnished, in forty-seven hours at 400'’, 337 mg. NH3. . Four 
hundred and forty-one g. *peat, treated in the same wSy, yielded 
even ii g. NH, (8-25 g. of thi^ being due to the peat itself, 
and 2-25 g. being synthetically produced from the atmospheric 
nitrogen). Small quantities of NH., were also formed when 
employing sugar-charcoal, free from N, aktemperatures not above 
700°. His Britiph patent for this process is 28964, of 1906. 

In a polemical discu.ssion, carried on in the “ Technische 
Rundschau ” of the/.i'jVrJf/rrT especially in Nt). 20, of 

19th May 1909, Prof. A. P'rank and E>r N. Caro distinctly deny 
any ^fixation of atmospheric nitrogen in the processes of 
Woltereck, against whose patents they had takfti proceedings 
iw cancelling thtfm. 
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Haber and Greenwood (Z. Elektrochem., 1915, xxi., p, 241; 
/. Chem. Soc., cviii., ii.,p.443) investigated the action of uranium 
as catalyzer in the*synthesis of ammonia from its elements. • 

De Jabn (Amer. Ps, 1141948, 1143366) produces ammonia 
by passing a mixture of H and N under a pressure of 8oito 
90 atmospheres at 520" to 540” over a catalyzer formed by 
impregnating pumice stone with nickel nitrate, igniklng at 550“, 
heating in hydrogen for eight hours at 550", treating the product 
with metallic Na, and heating with anhydrous NH^ at 450°. 
P'e or Mo may replace the Ni. 

The same inventor’s Amer. P. 1141949 prescribes for the 
same process catalyzers formed by igniting a salt of Co, Mn, Ti, 
Ce, Be, U, or Si upon a carrier of pumice, reducing the product 
in H, and heating with metallic Na and anhydrous NH,, 
at 300". llis U.S. P. 1151537 describe.s a catalyzer formed by 
heating sodium or potassium on pumice at 550" to 660". 

Andrie.sen and Scheidemantel (Ger. Ps. 284341 and 285111) 
employ the electric light-arc for the combination of N and H 
to ammonia. 

Production of Ammonia by the Process of Haber. 

A new epoch for the production ofi. armnonia from its 
elements sets in with the labours of P'. Haber and his 
co-operators, which have led to a complete technical solution of 
that problem, aftet they had entered into connection with the 
Badische Anilin- und Sodafabrik at Ludwigshafen, which concern 
lent its enormous material and spiritual powers to that object. 

We shall give a short digest of the work of Haber and Le 
Rossignof, based upon a report made by them in the spring 
of 1909 to the Badische, and published (with omission of some 
points required by business reasons) in tjie Z. Elektrochem,, 
I 9 ' 3 . PP- 53 (t seq .; 1914, p. 297; 1915, p. 89. A former paper 
by Haber is found in the same Z. Elektrochem., 1910, p. 244. 

To bfgin with, they point at the importarpie of the task in 
question. The consumption of ammqnia amounts to several 
hundr/ias of thousands of tons, which up .to'’ that tiuK were 
almost entirely obtained !rom the nitrogen of coal. Ammonia, 
in the shape of 25 per cent, ammonium sulphate, has a^value 
of 89 Pfennig per kilogram, whilst the value of the nitrogen 
contained in it can be put at 2J Pferytig, that o'f the hydrogen at 
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.'17J Pfennig, altogether only 20 Pfennig. This assumes the 
nitrogen to be prepared by fractional distillation of liquefied air, 
or by the alternate action of air and producer-gas on hot 
coppA; but in other cases— c.g. in the preparation'of formic 
acM from producer-gas and caustic soda, or ^sodium .salts and 
lime—large quantities of nitrogen are obtained as a worthless 
by-product.*" (Nitrogen free from argon, or nearly so, as it is 
obtained from liquid air, is more valuable for the s)-nthesis of 
ammonia than nitrogen containing a relatively large proportion 
of argon.) Hydrogen is obtained on a large scale by various 
methods, e.!^. in the production of calcium hypochlorite by 
electrolysis of sodium chloride, and in many other processes, 
where it is utilized in the best case for heating purposes. 

The attempt at producing ammonia from the elements i.s 
rendered difficult by the fact that at ordinary temperature.s (at 
which the thermodynamic equilibrium under ordinary pressures 
would allow of a nearly complete union of the elements), they 
cannot be brought to combine; whilS at a bright red heat 
where this easily takes place, the reaction stops after a minimal 
percentage has been formed, because traces of ammonia in the 
most favourable gaseous mixture suffice for producing the 
thermodynamic equilibrium. Haber and van Oordt {Z, anorg. 
Che.HL, lgo5,jcliv.,p. 342) have worked this out for a ternpernture 
of 1000°, [For the qjathcmalical dt Juctions we must refer to 
the paper of Haber and Rossignol.] 

For technical purposes not merely the position of the 
equilibrium, but also the velocity with which it is.reachcd, is of 
the greatest importance.. If large quantities of the cat^j’zer 
are employed, and the gases are left for a long time in contact 
with it, much lower temperatures can be employed than in the 
opposite case. The* authors show why the practical limits of 
temperature are between 500° and 700°. The results are all the 
more favourable the higher pressures are* employed. The task 
of produting prtfssures of 200 to 250 atmospheres in gases and 
manipulating tljen^ und^ these pressures has been long ago 
’ solved fcy practi^ial-'means. The authors give formu and 
diagrams, showing the thermodynamically po^ible percentages 
of ammonia at various pressures and temperatures. They show 
that in no case it is practicable to jjass the compressed gases, 
over the catalyzer,’to absortj the ammonia formed, and to allow 
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the remaining gases to escape. The latter must be carried 
back over the catalyzer, and a circulation must be produced, 
preferably always under pressure. 

Further 'considerations show that the separation oT the 
ammonia formed under high pressure is easiest by reducjn^ it 
to the liquid state, but not allowing it to solidify, which is 
possible by cooling the ga.ses down to —75''. Eveff then some 
ammonia is left in the gases, but is not lost, as the gases are 
again passed over the catalyzer. 

Concerning the furnace for carrying out the reaction, the 
authors, after mentioning their first attempts with quartz tubes 
(which do not admit of working over 50 atmospheres),describe the 
apparatus finally adopted. It is a steel cylinder of special shape, 
with an electrical inside heating arrangement. An apparatus 
on similar principles was employed for working on a large scale ; 
this is described in detail and illustrated by diagrams; also an 
apparatus for working without circulation of the gases. 

They then proceed to describe their experiments with 
various catalyzers. They first worked with cerium and its 
congeners, in quartz tubes at a pressure of 50 atmospheres, at 
temperatures up to 700°, then with manganese, under the same 
conditions; with tungsten; with uranium of various qualities 
(which gave surprisingly good results, zwi's supra,,\i. 1070, the 
paper by Haber and Greenwood); and, wdth ruthenium and 
osmium, which proved most efficient catalyzers, yielding up to 
5'5 and 9 per cent, of NH^. 

The subvert of the combination of elementary nitrogen with 
oxygen and hydrogen is treated froni^ a general point*of view in 
a lecture, held by Professor Haber before the German Chemical 
Society at Berlin on 26th March 1913 (extract in Z, angew. 
Chem., 1913, iii., pp. 323 et seq.), from which we give a short 
extract. He first discusses the requirements of the world for 
supplying nitrogen compounds to the soil, to make up for that 
taken out of it for agricultural and technicah purpoAs. The 
stock of nitrate of soda in Chile will last jbopt another fifty 
year?;, The nitrogen contained in the coal, co'hsumed (about i 
per cent, of its >veight) is lost, if the coal is burnt as such; it 
could be partly recovered, if all the coal were previously 
converted into coke, collecting the by-products formed} but 
although this process extends rapfe and more,, there is xio 
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prospect under the practically existing conditions of supplying 
thereby the constantly increasing requirements of the ammonia 
market; nor is this the case with the process of Mond, which 
yields 70 per cent, of the nitrogen of coal in the? shape of 
ariiffumia, but which cannot be generally agpHed. Therefore 
for several decades past numerous attempts have been made 
at solving ?^c problem in quite a different way, by combining 
atmospheric nitrogen with oxygen or hydrogen. The com¬ 
bination of N with 0 need only go up to the production of 
NO, since this is readily converted into nitric acid. Haber 
discusses in detail, both the theoretical point of view and 
the practical attempts made in this direction which do not 
belong to the present chapter, and then passes on to the 
combination of nitrogen with hydrogen, attempted in various 
ways, more particularly by the catalytic action of various 
metals, some of which have the drawback of losing their activity 
after some time. His own experiments in this direction showed 
that the best results are obtained with chromium,iron, manganese, 
and nickel, and more particularly with osmium and uranium 
(the latter preferably in the shape of its nitride). The Badische 
Anilin- und Sodafabrik, which had tal^en up to Haber processes 
for technical exploftation, made many valuable additions to 
them, and succeeded in replacing those expensive metals, 
osmium and uranium, by specially treated base metals; the 
difficulties in the construction of furnaces \^cre overcome, and 
what is most important, the preparation of hydrogen for this 
purpose by electrolysis was replaced by its production by means 
of coal. 

The subject in question is also treated in Haber’s Hurter 
Memorial. Lecture, held at Liverpool, 26th November 1913 
(printed in /, See. §hein. hid., 1914, xxxiii., pp. 49 ct sci]). 

Haber's Researches on Ammonia, more especially on the 
equilibrhim of its formation from the ’elements, on the heat 
phenom'ena in tfiis reaction, and on the specific heat of gaseous 
ammonia, are ^ousc^ in K. Elektrochem., 1914, p. 597, an^ 1915, 
pp. 89 ,* 2 o 6 , 228 ,* 24 I.' 

A further lecture on this .subject was deli'»ered by Haber in 
June •1914 (Z. angew. Chein., 1914, pp ..473 He shows 

that from therrapdynaraical considerations the mixture of N 
cEnd H is best made ip stcSshiometric proportions, and what led 
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him to employ the temperature and pressures, and the catalyzers, 
indicated in his former publications. He refers to the further 
work done in this field by the chemists of the Badische Anilin- 
und Sodafabrik, after the process had been taken over by them, 
more especially by Dr Bosch and Dr Mittasch, with the result 
that much less costly catalyzers may be employed, if special 
methods are used for preparing them, for removing certain 
impurities, and for greatly improving their action by the 
admixture with other badly or not at all catalyzing substances. 
The transference of the laboratory experiments of Haber (who 
mentions Le Rossignol as his principal co-operator) to the 
erection of large works at Oppau, near Ludwigshafen, has been 
principally effected by Dr Bosch, of the Badische, who also 
succeeded in overcoming a serious difficulty occurring in large- 
scale works, viz., the cracking '.of the steel tubes through a 
prolonged action of the hot compressed gases. 

According to Chem. Zeit, 1910, p. 345, Haber and Rossignol, 
by employing osmium and urmtium as catalyzers at temperatures 
between 500° and 550'’, and at a pressure of 200 atmospheres, 
succeeded in converting 8 per cent, of the mixture of nitrogen 
and hydrogen into amrr»onia. This was liquefied by cooling 
under pressure, and the remaining mixture of N and H, after 
heating up, was again passed through the contact mass. Since 
the hydrogen can be cheaply obtained from water-gas, and the 
mechanical force leqiiired is comparatively small, nor is the 
requisite temperature very high, that proce.ss, in opposition to 
the production of atmospheric nitre and of lime-nitrogen, is 
not confirmed to places where hydraulic power is cheap. It can 
be carried out everywhere where the coal is cheap enough for 
producing water-gas. 

Haber {loc. cit.) points out that osmium^, at the temperature 
and pressure indicated by him, has an excellent catalytic 
action; but since the total stock of that element, existing on 
the eartih, does not essentially exceed 100 kg., “another 
transferring medium had to be soughf for, ^nd,.was ultimately 
founi.in the shape of uranium, which i?'eaiHly obtaieed by 
heating uranium ,ioxide and carbon in the electric arc, and 
which is extremely active already at temperatures belovi 500°, 
The use of osmium in that case is protected by Ger. Ps. 22340S 
and 272637 of the Badische. Clean ^bestos is saturated with a 
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solution of potassium osmate, so that after drying and reducing 
the osmium to the metallic state, from 5 to 10 per cent, of it 
adheres to the asbestos; the alkali present increases the 
catalj’tic action, The liritish patent for these 'catalyzers 
is*i,^23, of 1910; the American patent 999025; the French 
patent 417940, 

A mosf important feature of the Haber process is the low 
consumption of energy required by it. The /. of Gas Lightinf^ 
(quoted from Chem. Trade J., 1915. Ivi., p. 527) gives the follow¬ 
ing figures in units of current per kilogram of fixed nitrogen :— 

?>irkcIand-Eyde's process for manufacturing “Norge saltpetre 

(Lunge, Sulphuric Acid and Alkali^ • 9 i 3 » *•> p. 233) . 6: 1 -I.P. 

Process of Schdnherr, of the P»adischc Anilin- und Sodafabrik 

(i.unge, p. 239) . . . . • 59 

Frank and Caro’s “ Lime-Nitiogen” process, this volume, p. 1128 24 „ 

Serpek’s Aluminium Nitride process, this volume, p. 1102 I2 „ 

Haber’s process . . . . . . . 2 „ 

This comparison shows that the Isvo first-named processes 
are financially remunerative only where large quantities of 
electricity are to be had at a very low figure, ?>., in the 
neighbourhood of waterfalls. The 'next two processes are 
applicable in places^whqre cheap electricity may be generated 
as a by-product, e.g., where power-gas is used. lint the 
Haber process consumes so little eliergy that it can be w'orked 
wherever combustibles are to be had atmosinal prices. A low 
co.st of hydrogen is essential for it; the new productive 
methods make it possible to make hydrogen fgr about is. per 
ki!ogram,*or about 2s. 6d^per looo cub. ft., which means a cost- 
price of 3d. per kilogram of ga.seous ammonia, again.st'ts market 
value in normal times of about j id. per kilogram. Moreover, 
the ammonia produced by it is of a high degree of purity, and 
is thsrefore specially adapted for Ostwald’s and other processes 
of producing nitric oxide from NHg oatalytic action (Lunge, 
/nc. «>.,pp. 253 , 

The following patent have been taken out by Haber;— 

Ge*. P. 229fed.‘describes the employment of urahi^vi as 
catalyzer for the .synthesis of ammonia f^om nitrogen and 
hydrggen, in the metallic form or in that of alloys and nitrides, 
also mixed with indifferent substances (graphite,*clay, asbestos, 
quartz, metals) or other*jtatalyzers. This action is already 
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strongly pronounced at temperatures below 500°; it is best 
promoted by high pressures. 

His Ger. P. 235421 states that, in spite of the unfavourable 
equilibrium and the insufficient catalytic power of the contact 
substances, the technical production of ammonia from the 
elements is possible by subjecting the mixture of N ahd H 
under permanent pressure in turns to the catalytic formation 
of ammonia at higher temperature, and taking out the ammonia 
by absorption or condensation at lower temperatures, taking 
care to transfer the heat of the gases after the reaction to the 
gases remaining after the removal of the ammonia, before 
again subjecting them to the reaction. 

The Fr. P. 40C943 states that it is sufficient to work 
continuously under high pre.s.sure, without recovering the heat 
produced by the reaction. 

His Ger. P. 238450 states that the reaction is best produced 
at pre.ssures from 150 to 250 atmosphere.s, and upwards. 

Haber's Ger. P. 259996 (R P. 61, of 1911; U.S. P. 

1149510, with Bo.sch and Mitta.sch) de.scribcs as catalyzers 
for combining nitrogen and hydrogen to ammonia tungsten, 
. as well as its allovs ar.d nitrogen compound.s. Commercial 
tungsten, as it is obtained by reducing the ores at high 
temperature.s, gives very bad yields, but it is quite different 
with tungsten or its nitrides, prepared Jrom pure tungsten 
compounds at tcpiperaturcs not essentially e.xceeding 600". 
His Ger, P. 26075?) states that higher temperature.s than 600° 

' can be employed for the reduction of tungsten, if ammonia is 
employed as the reducing agent, which admits of working much 
more quiikly. (Tungsten as catalj zcr is also pre.scribed in the 
Ger. P. 254934 of the Societe.Generale des Nitrures, of Parif) 
The substance or the later work qf Haber and his 
co-operators is contained in the patents of the Badische 
Anilin- und Sodafabrik, and it is at the present time not 
possible jto extricate the results obtained by»him from those 
obtained by the chemists of the Badisphe, 

B, ?. 12977, ' 9 > 3 ; f'r- J’- 411446: ai>a,‘U? 5 . P. 971,^01 by 
Haber and Le Rossign'ol, protect the use of osmium or 
ruthenium salts as catalyzer for N Hy 

In 1912 the Badische ordered-Linde ice-machines for that 
purpose for .^50,000. According to Frank {Chem. Zeit., 1914, 
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p. 1261) the process was carried out at the rate of 36,000 tons 
ammonia per annum. In'the year 1915, according to P. F. 
Frankland, 130,000 tons sulphate of ammoniTi was to be made 
by thtf Haber-Badische processes. 

•The synthesis of ammonia by the Haber process, and its 
furth'e* development by the Badische Anilinl und Sodafabrik, 
is the subject of a lecture given by Professor Bernth.sen, one 
of the directors of that factory, at New York, on iith September 
1912, and published in Z. angeiv. Chem., [913, pp. to ct seq. 
After describing the work previously done by Haber and his 
coadjutors, he gives an account of the tasks solved by the 
Badische, beginning at 1908, especially by Dr Bosch and his 
co-workers, in order to introduce the Haber process into 
praetice on a large scale. The principal points were: the 
construction of apparatus enabling to work at enormous 
pressure.s, and at the same time at temperatures where both 
the mechanical strength and the chemical resistance of iron 
and steel arc greatly diminLshed; the sajjaration of the ammonia 
from the gases; and more particularly the selection of 
sufficiently powerful catalytic agents, and their improvement 
(“activation”) by other .substances mixed with them, which 
probably form a s»rt of skeleton within the mass of the 
catalyzer, and prevent its surface from being diminished during 
the process. The ppwerful but nmst expensive catalj'zers— 
tungsten, osmium, uranium, etc.—could .thus be replaced by 
iron, manganese, or molybdenum. P'urther studies were made 
concerning the “contact poisons," which are, partly quite 
different sn this case from the “poisons” in the manufacture 
of sulphuric acid. To the “contact jroi.sons” in the sj^nthesis ol 
ammonia belong—sulphur, sejenium, tellurium, phosphorus, 
arsenic, boron, the hydrogen compounds of S, As, and B, some 
hydrocarbons, lead, bismuth, tin. Very poisonous are the 
oxides of sulphur, c.g., SO.^. Extremely small quantities o( 
these SHbstances, such as are nearly always containqjj even in 
the “chemically gurq”^commercial articles, and in so-called 
“pureil gases, iRay’essentially reduce or even annihitate the 
action of ammonia catalyzers. Tlflis, c.g.,^ iron made from 
techrycal ferric oxide, containing o-i per cent, sodium sulphate, 
is usually quite inactive. Iron,containing o-i pef cent, sulphur, 
ie generally u.seR;ss, and %yen such containing o-oi per cent. S 
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is greatly inferior to absolutely pure iron. The information 
gained on this point led to work at two tasks, viz.—(ist) the 
preparation of iontact masses free from poisons; (2nd) the 
removal of all contact poisons from the gases to be confbined. 
As little as one-millionth of sulphur in the gases is injuribus, 
and even electrolytic hydrogen must be specially purified, let 
alone hydrogen made from water-gas. An impoftant part is 
played by the impurities taken up by the gases from the iron 
of the apparatus, from the lubricating oil, etc. The negative 
results of former workers when employing base metals as 
contact substances (Wright, Ramsay and Young, Neogi and 
Adhicary) are reducible to the impurities contained in the 
metal and gases. The information on the part played by the 
most various substances as “ activators " and “ poisons ” in the 
synthesis of ammonia, gained by thousands of experiments 
made at the Badische works, especially by Dr Mittasch, has 
now created a solid foundation for establishing the conditions 
of manufacturing ammeJnia on the large scale permanently, and 
with good yields. Lastly, the question had to be studied how 
to obtain the two initial gases in the best way. For nitrogen 
this was comparative!/ easy, starting from atmospheric air, 
removing the oxygen cither by physical means (Linde’s process), 
or by red-hot copper, burning hydrogen, etc. Hydrogen can 
also be obtained in varioub way.s, all of which were, of course, 
carefully studied. Anyhow both these gases are available in 
every quantity, and sufficiently cheap; nor is this depending 
on the presence of great water power, like the industry of 
calcium nitrate. Finally, Bernthsen shows by stati.stics {cf. 
Chapter ‘XIV.), that very considerable quantities of synthetic 
ammonia may be thrown upon the market, owing to the regular 
expansion of the consumption of this article, without damage 
to the other sources of ammonia and its salts. 

According to Hempel {Z. angew. Chem., 1915, i., p. 145) the 
Badische now manufacture 140,000 tons sulphate of a’mmonia 
per annum by Haber’s process. A petition addressed to the 
Gernjan Reichstag by the Verein zur Wa^irung der InUrressen 
der chemischen Industrie beutschlands in May 1915 {Chem. Ind., 
1915,9. 189) states that by the end of this year 75,000 tons 
of 100 per cent. ammonia,^equal to 300,000 tons ammonium 
sulphate, will be produced per annifm by the Haber process. 
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equal to about half the quantity of nitrogen compounds imported 
into Germany from abroad for agricultural purposes. All the 
raw materials required for this (air, wsfter, coal, calcium. 
sulplTate) are at di.sposal in the country in ample quantities. 

• The patents taken out by the Badi.sche Anilin- und Soda- 
fabrilc in this matter are* 

B. Ps. ^aken out by J. V. Johnson on their behalf) 2414, of 
1908; 2525, 17642, 30380, of 1909; 5361, 5382, 10441, 13097, 
15973, 17951, 19249, 19250, 19251, 20127, of 1910; 61, 5833, 
5834, 5835, 5836, 12662, 21151., 24C57, 25252, 26749, 28167, 
of 1911; 3345 , 9841, 9842, 25259, 26770, 27955, 28200, of 
1912; 8864, 12977, 24823, of 1913. 

Ger. Ps. 203750, 223408, 234129, 235300, 235421, 235765, 
235766, 235868, 236342, 236395, 236892, 237436, 238450, 

241510, 243839, 246377, 246554, 247852, 249447, 350377, 

252375, 254006, 254344, 254437, 254571, 256296, 256855, 

258146, 259647, 259648, 259649, 259702, 259870, 259871, 

259872, 260010, 260992, 261507, 2€2823, 263612, 265294, 

265295, 265296, 26S929, 269819, 270192, 272637, 273315, 

275156, 276133, 276304, 276305, 276490, 277526, 279582, 

279954,281926,284176,2S5703,2861130. 

Fr. Ps. 387002(» 405712, 406943, 411446, 416877,417940, 
418059, 418287, 418289, 418425, 418434, 425099, 429696, 

431295, 436472, 4^9261, 449010,* 456963, 45'^2 i8 , 4599 i «, 

466303. 

U.S. Ps. 957^42, 957843, 993 ' 44 , 990191, 990192, 1006206, 
1118628 (Bosch and Mitta.sch); 1119948 (P,ier); 1027312, 
■053951,* 1053952, ■083^85 (Bosch and Mittasch); 1069185, 
1094194, 1152930 (Bosch, Mitta.sch, Wolf, and SternJ; 1128843 
and 1148570 (Bosch and Mittascb). 

We now give ^ short digest of the patents of the Badische 
Anilin- und Sodafabrik:— 

Their Ger. P. 254437 prescribes heating the metals, oxides, 
carbonates, etc.,*to be used as catalyzers, in the presenqp of air or 
oxygen, or otherwise,ii'^such a way that the resulting products 
consist e.ssentiSlly.Vaf oxides, which are eventually r^uced. 
Exceedingly small amounts of impSrities, ijuch as are mostly 
present in commercial “ pure ” iron preparations, suffice for 
essentially raising and prolonging the action of the contact mass. 
■ Their Ger. 1^. 254344*prescribes purif)'ing the gases, to be 
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catalytically conibii>ed by base metals, from sulphur, phosphorus, 
arsenic, or their compounds, and carbon monoxide, which act 
very injuriously in the catalytic process. According to Ger. P. 
259871. water and water-forming substances should be*com- 
pletely removed before the catalysis. 

Their Ger. P.‘ 254571 treats of the precautions to be 
observed when working with hydrogen at high tefiiperatures, 
e.g., in the synthesis of ammonia, by coating the inside of 
the reaction vessels with a .substance chemically indifferent to 
hydrogen, and allowing the hydrogen to pa.s.s through without 
much resistance. It has been ob.scrved that (m working w'ith 
hydrogen under pressure in hot iron apparatus, these after some 
time lose their mechanical .strength; and after some time even 
the outside shell is injuriou.sly affected. This is caused by the 
fact that the hydrogen at high temperatures and pre.ssures 
reacts on the carbon chemically combined with iron. This must 
be avoided by employing as material for the vessels iron free 
from carbon, or nickel, silver, etc. An addition to this is made 
in Ger. P. 256296. 

The B. P. is 20127, of 1910. 

Their Ger. P. 223408 describes the application of osmium as 
catalyzer for ammonia. Ger. P. 272637 prescribes precipitation 
of the osmium on the substratum from the alkaline osmates. 
The presence of alkali increases the catalytic action. 

The Ger. P. 247,85a of the Badische indicates as catalyzers 
for the synthesis of ammonia from the elements, metallic iron 
or iron nitride, produced from its compounds, at temperatures 
not exceeding 6oo‘'. Pure ferric oxide or ferroso-ferric oxide 
is put int(? the contact tube, and the mixture of N and H passed 
over it at temperatures not e;<ceeding 600’. The best results 
are obtained by employing as contact ma.s,s pure iron or iron 
nitride, prepared at temperatures not exceeding 600° fromiferric 
oxide, which had been, produced by heating pure iron in the 
presence ,of oxygen, or by heating ferric oxide ap to the fusing- 
point; or by repeating the successive pxjdation^and reduction 
several •times, in which case the low temfJerafure (6oo5J need 
only fc used at the last reduction. The Kr. Ps. are 406943 and 
436472; B. Ps. 24657 and 25252, of 1911 ; 9841 and 9842, of 
1912; U.S. P.Mo83^85. 

According to Ger. P. 256855 th^tiron or Iron nitride may 
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also be produced at temperatures above 600" (which' causes a ■ 
great saving in time), if during (he reduction more undecom¬ 
posed ammonia is present than corresponds I.0 the conditions 
of equilibrium at those higher temperatures. This* is again 
mertioned in a German patent, where the temperature for the 
redurton pf iron is put = 800'' to poo'"'. . ' 

The U.S. r. of the lladische, 1006206, describes the catalytic 
production of ammonia by means of reduced iron at pressures 
from 180 to 250 atmospheres. Their Fr. P. 429696 also 
employs base metals, purified and made available for catalvsis 
by the addition of appropriate compounds. 

The hydrogo/ serving for this purpo.se i.s previou.sly purified 
from sulphur, pho.sphorus, arsenic, from compounds of these 
element.s, and from carbon dioxide by means of alkaline solu¬ 
tions, especially in a heated state and under pressure— c.y;., 
by caustic .soda solution of 10 to 15 per cent. NaOlI.at 150' 
to 225' at a hydrogen prc.ssurc of 50 atmospheres. 

The Fr. P. 425099 of the Kadischc»de.scribes ns substances 
to be added to iron as a catalj'tic agent, which greatly increase 
the yield of ammonia ; the other elements of the iron group, 
and the oxides, hydroxides, and .salts «f the iilkall, and alkaline 
earth metals; but coiiipounds which can give ri.se to the forma¬ 
tion of sulphur, selenium, tellurium, idiosphorus, ar.senic, boron, 
etc., under the conditions of .synthesis, are to he avoided as 
catalysts. An addition to that p.,tent, datqd 24th May 1912, 
prescribes selecting substances which contain or fix hjdrogcn, 
and those which contain or fix nitrogen. The U.S. J*. 1118628 of 
Bosch and Mittasch, and U.S. P. 11485/O of Bo.sch.Mittasch,and 
Wolf, transferred to the ifadi.sche, de.scribe the same hivention. 

Their Ger. P. 262823 quotes as catalyzers ceriunt, mixed 
with 2 per cent, pottyisium nitrate ; osmitiui or osmium hydroxide, 
with ,jo per cent, potassium osmate; bannm -|- 3 per cent, 
potassium nitride; Hthinm as mettd, hjtdride or nitride, with 3 
per cent, potassium nitrate; thorium or alHmiithim-kl to 3 per 
cent, potassium nitratg. , 

Fr«P. 416877 (f^Scribes uranium fas metal, or alloy, oi*nitride, 
etc.) as catalyzer for N H,,. 

B^Ps. 19249, of 1910; 21151, 28167, of 1911; 3345, of 1912, 
and Fr. P. 425099, describe various catalyzed, as Mo, Pd, 
1 -i, Mg nitrides." 
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The U.S. P. 1119948, by M. Pier, transferred to the Badische, 
prescribes as catalyzer ruthenium compounds, such as KjRuO^, 
KRuOj, or Ru(f)H).|, heated to 450°, under 80 atmospheres’ 
pressure,t)r more. A yield of ii to 12 per cent. NH, by Volume 
is obtained, usin^ 80 atmospheres’ pressure. ^ ' 

The B. P. 19249, of 1910; Ger. P, 249447 of the Bacfische, 
enumerate a great number of promoters to th? catalytical 
action of iron, nickel, and cobalt for ammonia ; viz., compounds 
of Mg, Be, Al, K, Na, Ba, Sr, Ca, or rare earth metals, of Zr, 
Va, Ta, Cr, Mn, Mo, W. The addition of the oxide or other 
compounds of Mg or Al is particularly favourable. 

Their Ger. P. 276133 treats of cases in which “promoters” 
are present at the same time with contact poisons. The action 
of the latter can be prevented or greatly reduced by w'orking 
at the lowest possible temperature. 

Their Ger. i’. 281926 states that when using large-sized 
apparatus, and especially efficient cataly.sts, the yields may be 
reduced through too glfeat an amount of heat being produced. 
This is avoided by cooling, e.g.,hy means of a serpentine, placed 
in the contact mas.s, traversed-by cold gase.s. 

Their Ger. P. 277526*points out that the ammonia, catalytic- 
ally prepared under high pressures, even ‘after being absorbed 
by water under pre.ssure, and driven out again, is.more or less 
contaminated by hydrogeifand nitrogen, which have an injurious 
action in some cases. • These arc removed by fractional-distilla¬ 
tion of the impure liquid ammonia under pressure. 

According, to their Ger. P. 279954, the removal of the 
sulphur compounds contained in the.hydrogcn is mdst quickly, 
safely, and completely affected by treating the h)'drogen or the 
gas mixture containing it with alkaline liquor at a high tempera¬ 
ture under pressure. • 

Their Ger. P. 279582 states that in lieu of cerium, its carbide 
(which is cheaper anc? more easily accessible than the metal, 
and whioh can be prepared from a mixture of derium oxide and 
coal in the electric furnace) may be enspleye^ aii catalyzer. Its 
actioj) can be increased by “ activating ” wiTh oxides, hydfcxides, 
or .salts of the metals of the alkalis, alkaline earths, or earths. 

Molybdenum and its nitrides are described as catalyzers 
for NHj; their preparation .is de.scribed, and suitable additions 
to them are mentioned in B. Pa* 61 and 12662, of 191 1 . 
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Their Ger. Ps. are 246554, 250377, 259647, 259648', 259649, 
260010; Fr. P. 431295. 

Various improvements of the process ari enumerated in 
Ger. P. 260992. 

<ier. Ps. 249447, 25S146, 261507 describe various additions 
whicJftran be made to contact substances, especially to mctnllk 
iron. • 

Ger. Ps. 234129, 236342, 236892, 241510 describe silicon 
nitride as catalyzer for ammonia, mixed with various other sub¬ 
stances ; Fr. P. 405712; U.S. P.'993i44. 

Ger. Ps. 235300, 235421, 235765, 235766, 235868, 236342, 
236395; Ft- F- 418425; U.S. P. 1027312, describe nlnniinium 
nitride for that purpose. 

Ger. lb 254006 states that when employing manganese 
metal as catalyzer for ammonia, the mixture of N and H 
must be previously entirely purified from oxygon in the free 
or combined state [c.g., as water). 

Ger. P. 243839 describes the pre'paration of aluminium 
nitride as catalyzer for NH-; Fr. Ps. 418059 and 418425; 
B. P. 5382, of 1910. 

Ger. P. 237436 describes the purification of the nitrides of 
silicon, aluminium, titanium, zircone, beryllium, etc. 

Ger. P. 203750 describes the prejjaration of titanium nitrides 
by heating titanic acid with charcoal and sodium sulphate 
in a current of nitrogen. Ger. I's. 202563,, 203748, 204204, 
204475)204847 describe the production of ammonia by means 
of these nitrides. . . 

B. Ps. *2414, of 1908, ajid 2525, of 1909 ; and F.'. P. 387002, 
refer to the same subject; also U.S. Ps. (by BoschJ, 957842, 
95 ; 843 ) 990191, 990192. 

Ger. P. 277526 describes the preparation of pure liquid or 
gaseous ammonia from that obtained by contact processes, and 
absorbed by water under pressure, by means of fractional 
distillation under pressure. B. P. 25259, of 1912; Fr. P, 458950. 

Ger. P. 270192 describes the separation of synthetically 
produc#d ammofiia.by passing it, together with the absorbing 
liquid, through pipes, employing sysfematic^ly absorbents of 
diminishing contents of ammonia. 

Ger. P. 275156 prescribes cooling the iron or steel of the 
vessels, in which amraoniS,is produced by synthesis from the 
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elements,'down to 450", which admits of working under pressures 
of jO atmospheres and upwards, and with any description of 
iron or steel. 

Ger. I’. 281926 describes a cooling-worm within the contact 
mass itself, in order to prevent it from getting superheat^.' 

Fr. P. 418434 prc.scribcs condensing the catal3’tically prepared 
ammonia to the solid or liquid state in the reaction vessel 
itself by cooling the walls thereof. The B. P. is 13097, 
of 1910. 

Tungsten is described as a catalyst fur ammonia in their 
Fr. P. 439261 ; B. P. il6j, of 1912; Ger. Ps. 246554, 259647, 
and 286430. 

P'r. P. 449010 prescribes depriving the gaseous mixture before 
catalysis of water and substances capable of yielding it, prefer¬ 
ably by passage over heated palladium asbestos and then over 
quicklime. The yield of NH,, is thereby increased. The B. P. 
is 22352, of 1912, 

B. P. 5835,0! 19114 Amur. Ps. 1068966, 1068967, 1068968, 
1068969, enumerate catal3'.sts consisting of an alkali metal, 
alkaline-earth metal, or members of the group Mn, Wo, Mo, 
Os, Ce, Ta, Ni, etc., aiiA “promoters” in the shape of oxides 
or other compounds of the alkali metals;»and to the “contact 
poisons” are added easily fusible and reducible.metals, such 
as tin and lead. 

B. P. 28200, of 1912, prescribes protecting the iron vessels 
in operating with hydrogen under high pressure and at a high 
temperature, c.g,, in the synthesis of ammonia by interposing 
an atmosphere of nitrogen between the hydrogeh and the 
wall of the vessel, 

U.S. P. 1054901 (Bosch arid Mittasch) dc.scribes the prepara¬ 
tion of silicon nitride (Fr. P. 405712). 

B. P. 26770, of 1912, describes the preparation of hydrogen 
for the synthesis of ammonia by causing carbon monoxide 
and stejm to interact at 300’ to 600" undfer a pressure of 
4 to 40 atmospheres in the presence.of. a cat^lysator such as 
iron, nickel, and the like, with the proi 3 uctTon of COj and 
hydfSgen, and rejnovin^the former by absorption. 

Fr. P. 425099; .^mer. P. 1094194, enumerate a great»many 
Bulpstances sferving as “promoters” in the synthesis of NHj 
by,means of iron as catalyzer. 
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Fr. r. 459918; 11 P. 27955, of 1912; 8S64,'of 1913, 
give details on the production of hydrogen from water-gas 
by catalytical means, • 

FrrP. 466305: B. B. 24S23, of 1913, prescribe cifoling the 
ga#2s by means of a water-coil. 

]f*r. 15973, of 1910; Fr. P.S. 418287 and 41S434, describe 
vessel.s for tTie synthesis of N H„ from the elements under pres.sure. 

Ger. P, 285703 pre.scribes the employment of a mixture 
of water-gas with gases containing a higher percentage of 
carbon monoxide. 

further Processes for Itnuhiiiii!; Autuwuiu hv Sruthesis 
from its fjemeuts. 

The P’arbenfabriken vorm. liaj'cr & Co. (H. P. 16903, of 
1913; Fr. P, 460859: Ger. P.s. 2S5698, 286719) in the manu¬ 
facture of ammonia from its elements obtain a very good yield 
by allowing the mixture of 11 and N to act under high pressure 
upon substances which absorb N or H,*or both gases, and then 
allowing the gas mixture to expand. 

Peacock (U.S. P. 1092167) prepares a hydride of iron, 
FeHj, by treating .spongy iion widi hydro<gen, and exposes 
this to the action of nitrogen, ficc from ox)'gen or readily 
reducible oxygen compounds, at a temperature at which the 
hydride gives off nascent bydrogCn, which combines with 
the nitrogen to form ammonia, .-it thc'saaie lime hydrogen 
is supplied to reconvert the lower hj-dridc continuously into, 
the higher hydride. The U.S. P. 1129504 deescribes the forma¬ 
tion of phosphorus nitrides, which on treatment with Steam 
yield ammonium phosphate. * 

Bender (Ger. P. 277435) supplies water continuously to 
the porous walls of ) gas-producer. The steam, or its elements, 
diffusts through the walls into the furnace, where the nascent 
hydrogen and oxygen combine with the nitrogen present in 
the combustion gases, whereupon the gases arc suddenly cooled. 
The pressure within the /urnace is one or several atmospheres 
above «ormal. ‘AeJording to his Ger. P. 279CX17, he oljtains 
compounds of nitrogen with oxygen and hydrogen by burning 
combustible materials with air under increased pressure, 
adding up to i kg, water for i kg;, of burned in the form 
erf spray, which is to a gfgat extent decomposed, and cooling 
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the gases as above by means of a hollow grate. The yield 
increases with pressure. At 2000° about i vol. per cent. NO 
and 0-25 vol. pdr cent. NHj are formed ; the gases issuing 
contain ammonium nitrite. ' 

Hambach (Fr. P. 469331) produces ammonia by .syijthfcsis 
by means of a ga.s-producer, operated with air in the normal 
manner, but with a charge of fuel which has been treated 
with metallic salts, oxides, hydroxides, or carbides. Metallic 
nitrogen compounds (cyanides, cyanamides, nitrides, etc.) are 
thus formed, and are decompo.sed in situ by steam or atomized 
water, so as to produce ammonia which is carried forward by 
the gaseous current and oxides or salts which are recovered 
from the ash. The air is preferably preheated, and the ga.ses 
containing NH., are chilled by a cooling coil in the centre 
of the producer, surrounded by an iron drum connected with 
an exhaust. Small proportions of magne.sium chloride, 
calcium fluoride, etc., may be added to the charge to increase 
the yield of ammonia and the speed of the reaction. 

The Socictc Gcncrale des Nitrures, of Paris (B. P. 11091, 
21366, and 22586, 1913; 4287, 1915; Gcr. P. 238340; Fr. Ps. 
476121, 474330), treat k mixture of bauxite and carbon in 
an electric furnace, remove the ferro-almninium thus formed, 
and expose it in the moist state to air, whereby the mass gets 
spontaneously heated, eveh up to 2000', without any external 
heating, a compound of A 1 and N being formed. This impure 
aluminium nitride may be either utilized directly as manure, or 
for producing .ammonia and alumina by the well-known process,- 
Theii Ger. P. 254934 prescribes tungsten as a catalyzer. 

L. Ro'th (Ger. P. 191914, of 1905) passes air through a porous 
medium into a mixture of 300 parts by weight of clay, too 
fine sand, 75 lime, 20 magnesia, 200 iron, au'd 600 water, heated 
to 60". The specifically lighter nitrogen diffuses first through 
the medium and is fttained in the form of NHj before the 
oxygen can act. When 10 mg. NH3 has been formed for 
I litre of water, the formation of fre^h NH., taj<es place much 
more s'lowly. But if now i per cent, ferric s'ulphate at ^ per 
cent, sulphuric acid is adefed, the mass again energetically forms 
NHy Thus after a few hours a cheap fertilizer is obtained, 
containing 6* per cent. N, which is dried, ground, and used 
without extracting the ammonia. 
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■ 

Jellinek {Z. augew. Chem., Ixxi., p. 121) discusses the 
function of iron as catalyzer for the synthesis of ammonia 
under pressure. • 

Meftignon (Fr. P. 430595; B. P. 17411, 1910) employs for 
the'synthesis of ammonia palladium or sine, with or without 
the application of pressure. Zinc admits of working at lower 
temperatures. The U.S. Ps. arc 1089240 and 1089241. 

The Centralstelle fiir wissenschaftlich-techni.schc Unter- 
suchungen G. m. b, H. (Ger. P. 252997 ; U.S. P. 1119534, trans¬ 
ferred to Dynamit A.G., Hamburg) produces ammonia from its 
elements by means of ruthenium or a ruthenium compound 
as catalyzer, whereby at 450" and under a pressure of only 
80 atmospheres a reaction product containing ii to 12 per cent, 
by volume of ammonia can be regularly obtained. The British 
patent was taken out by A. J. Boult, 145S5, of 1912. 

Lipski [Z. Elcktrochem., 1909, xv., p. 189) investigated the 
synthesis of ammonia from its elements by the mediation of 
cerium nitride. This compound dissoeiates at 600" to 700°, 
with a maximum tension of 34 to 40 cm. mercury. Probably 
metallic cerium forms with cerium nitride a solid solution, 
which causes the slow establishment'of an equilibrium. No 
more convenient solvent for cerium nitride could be found. 
The reactions: 

' (,i)jH.-|.CeN-Ceai.,+ NH., 

.{/;) N,;CelU N + 

go on smoothly at moderate temperatures in open vessels, 
.without any .sensible reaction according to the equation: 
3H2-l-2CeN = zCeHj-pN.,. E.xtremely small quantitias of 
moisture or oxygen cause a superficial change of tWfc cerium, 
nitride and hydride, and make .it u.scless for the formation 
of ammonia. If w^ter and oxygen arc completely excluded, 
both substances act as catalyzers for the synthesis of ammonia, 
.^fter .some time this action ceases, but vs restored by repose. 
The most favour&blc temperature for the formation of ammonia 
H between 200° and .30J)"; the ammonia contents of the gas 
comes *ip to i ^cr.&ent. by volume. It makes no difference 
whether the contact substance is ma8e fron^ pure or tecflhical 
ceriun). 

Kunheim & Co. (Ger. P. 276986) produce ammonia from 
the elements with' the acicPpI cerium nitride as catalyzer. T'”'*- 

3 z. 



1088 SOURCE,S FROM WHICH AMMONIA IS OBTAINED 

nitride is obtained by the action of nitrogen upon large pieces 
of cerium metal; mixtures containing at least 20 per cent, 
cerium nitride may be employed. In this process the pieces' 
increase''in size, and break up into many smaller pieces, so 
that nitride surfaces entirely free from oxide are obtained. 
The nitride can also be produced by saturating cerium inetal 
with hydrogen, and replacing the hydrogen by 'nitrogen at 
a high temperature. In order to retain the catalytic effective¬ 
ness of the cerium nitride, the mixture of N and H must be 
carefully purified from oxidizing or other impurities. With 
this catalyzer, ammonia concentrations of 1-5 to 2 vol. per 
cent, can be obtained, with about too atmospheres’ pressure 
and high gas speeds 60 litres per hour) for a contact- 
chamber of only 4 c.c. contents. 

Hlawaty (Ger. Ps. 275343, 275663, and 277054) employs as 
catalyzer a mixture of titanium with one or more metals of 
the platinum group, precipitating them altogether on a suitable 
substratum. It is advisable to submit the gas mixture, before 
passing it over the catalyzer, to the action of an electric arc. 
The temperature should never exceed 500°. The pressure 
should be in turns raised or lowered, according to whether 
the gases are to be absorbed or driven out. According to his 
Ger. P. 283447 the most active contact mass for this process 
is a mixture of titanium -and platinum in proportion to their 
atomic weights, j.e.,'48 jiarts by weight of titanium-t-195-2 
parts of platinum, especially at lower temperatures. By this 
mixture twice as much ammonia is obtained as by a mixture 
of equal parts of titanium and platinum. 

Nicodem Caro (Ger. P. 272638) recommends as catalyzer 
for ammonia soda-lime on pota.ssa-lime, impregnated with 
titanium or vanadium, or a mixture of these, because they are 
less sensitive to “contact poisons” than the metals of the iron 
group, so that technical hydrogen, produced by splitting up 
hydrocarbons, may be employed. 

Various Catalyzers. —W. A. Phillips (B. P. 22046, Ipn) 
Brochet and Boiteau (Fr. P. 425952) combine N and H by 
the action of the metals'6f the alkalis and the alkaline earths. 

F. Schreiber {Chem. Zeit, 1911, p. 943) discusses the 
catalytical production of ammonia from nitrogen - carbon 
compounds. 
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Heckert (Ger. P. 288524) employs for this purpose the red-hot 
coke remaining in the retorts or chambers after carbonizing coal. 

The Elektrochemischc Werke G. m. b. ff., Berlin (Ger. P. 
238137), prepare ammonia or ammonium compounds from 
nitroflgn oxides and hydrogen, or from mixtures of hydrogen 
with gases containing carbon monoxide or hydrocarbons, by 
passing them over various contact sub.stances (Pt, Cu, Ni, Fe) 
at high temperatures, different for different contact substances. 

Bucher (U.S.- P. 1138190) fixes atmospheric nitrogen by 
bringing free nitrogen and sodium vapour into contact with 
a catalyzer, formed of iron, carbon, and sodium carbonate at 
a temperature of about 920“ to looo", in order to form sodium 
cyanide, and supplying fresh carbon to the catalyzer as it is 
consumed by the reaction. Metallic sodium may be used to start 
the reaction or, indeed, sodium hydrate, acetate, bicarbonate, or 
oxalate may be used with an ea.sily reducible iron compound 
on carbon. His U.S. P. 1138191 describes tiic fixation of free 
nitrogen by bringing it into contact witR sodium carbonate, and 
a catalyzer formed of a finely powdered mixture of iron and 
graphite at a temperature of about^ 725 ’, to form sodium 
cyanide. The latter may be acted on with steam, as formed, 
to produce ainmoniaT Other patents of the same inventor for 
preparing sudium cyanide from atmospheric nitrogen are 
U.S. Ps. 1091425, 1116559, 1120682. 

G. Cialvert (B. P. 10612, of 1914) causVs nitrogen and 
hydrogen to unite under pressure in the presence of a heated 
catalyzer, action being promoted by moving the catalyzer or 
heater, or*both, relatively* to the gases. For exaqjple, the 
catalyzer may be carried by a rotating arm, fitted with a heating 
coil, whiclu is driven by an clettric motor contained in a 
chamber communitating with the reaction chamber, as 
descriBed in B. P. 18350, of 1913 (Fr. P. 468426). 

The Farbenfabriken vorm. Bayer (ter. Ps. 285698 and 
286719) combine nitrogen and hydrogen by means of catalyzers, 
obtained by heatiug, alkiiline or earth-alkaline ferrocyianides 
with exclusion of thb’air up to decomapsition, preferably hfilow 
500°; barium ferrocyanide in a high-pres?ure apparatus at 
430° uhder a pressure of 180 atmospheres. , 

F. W. de Jahij, Assigrjpr to the General Chemical Co. of 
New York (U.S. P. IJ41948), passes mixture of nitrogen and 
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hydrogen under a pressure of less than lOO atmospheres over 
a heated catalyzer, containing cobalt, sodium, and nitrogen. 
Other catalyzers'for this purpose are described in his U.S. Ps. 
ii5I537.'ii59364. 1159365. 

The same (U.S. P. 1143366) prej)ares a catalyzer suit^le‘for 
use in the synthesis of ammonia by reducing nickel oxide with 
hydrogen, adding metallic sodium, and treating tlie product 
with ammonia. 

Matignon (U.S. P. 1089241) employs tungsten ■A.'i a catalyzer. 

H. W’ade(B. P. 213, of 1914; communication from Dr M. Pier) 
employs a catalyzer composed of iridium or rhodium, or their 
compounds, in conjunction with a basic contact-carrier, such as an 
alkaline or earth-alkaline oxide or carbonate, or chromic oxide. 

According to M. Pier (U.S. P. ii 19534), and its 

compounds, especially potassium rutheniate, K^RuO^.H^O, 
perrutheniate, KRhOj,H,, 0 , and the hydrate, RuO(OH)3, have 
a prominent action a.s catalyzers for the combination of N and 
U to NHj, considerabfy exceeding that of osmium. At 450'’ 
and a pressure of 80 atmospheres, a gas containing ii to 12 
vol. per cent. NH, is obtained, and at a pressure of 175 
atmospheres the percentage rises up to 20 per cent. According 
to his B. P. 214, of 1914 (communicated to^'H. Wade), catalyzers 
consisting of ruthenium chloride or iridium chloride, with or 
without metals of the platinum group, or iron, cobalt, nickel, 
molybdenum, tungsten, or uranium, or compounds of these 
metals, may be employed on a carrier of magnesium oxide or 
carbonate, whose quantity is a multiple of that of the catalytic 
agent. His U.S. P. 1157253 (B. P, of Wade, No. 213, 1914) 
describes' an alkaline carrier. * 

Koppers (Ger. P. 285334) describes an apparatus for 
carrying out his process (Ger. P. 257.>i88) for preparing 
ammonia from nitrogen-containing carbon compounds, ‘in the 
shape of ammonium s'alphate. 

Anderson (Ger. P. 277222) describes metallic vessels for 
contact reactions. 

Synthesis of ApimoniA from Nitrogen and Hydrogen by the 
Aid of the Electric Current. ,, 

Ammonia is formed by the direct combination of nitrogen 
and hydrogen under the mediation of the electric current. 
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This takes place both by the induction spark (Regnault, 
Deville, etc.), and by the dark electric discharge (Donkin, Roy. 
Soc. Proc., Ixxxi., p. 281). Numerous attempfs have been made 
at utilizing this reaction for technical purposes, of Vhich we 
mdhUon in this place only those where H and N are directly 
unitM; the cases where intermediary compounds, nitrides, are 
formed, will be treated hereafter. 

Young (B. P. 1700, of 1880) passes electric sparks through 
a mixture of 3 vols. H + i vol. N. 

W. Muller and E. Geisenberger (Gcr. P. 11489) employ 
combustion gases, which are freed from carbon dioxide by 
means of lime, as a source of nitrogen. Hydrogen is to be 
obtained by the action of steam on red-hot coke. The mixed 
gases are to be united by the electric spark. Anotlier proposal 
of the .same inventor (Ger. P. 12364) is: passing the gases 
obtained by heating alkaline nitrates, together with steam, over 
red-hot coal. The alkaline residue is to be reconverted into 
the original salts by the joint action (Jf oxygen, nitrogen, and 
the electric current. 

The Societe I’Azote (Ger. P. 17070) aims at combining the 
nitrogen of air with the hydrogen of water by the action of 
porous substances arRj of electricit)'. Melted zinc is run into 
two furnaces kept at a red-heat; into one of them is passed 
air, and water into the other. In Troth cases zinc oxide is 
formedand there is liberated nitrogen on ane side, hydrogen 
on the other. The gases arc pas.sed through dust-chambers to 
deposit zinc oxide, and thence through retorts* containing 
titaniferoits iron-sponge. ^Here the nitrogen is first absefrbed, 
and is then converted into ammonia by hydrogen. The 
formation of ammonia is prompted by employing in the 
retorts a mixture,of iron with other metals, whereby an 
electric current is said to be produced. They also employ 
platinized coal into which is forced* first nitrogen, then 
hydrogen, at a pressure of 10 atmospheres. 

Nithack (G^r. P. 955,32) produces ammonia by saturating 
water under high pft.ssure with gaseous nitrogen, passing an 
electric current through this, and continuing to intrMuce 
nitrogen under the same pressure. He asserts that the 
nitrogen is quantitatively transformed into ammonia, and 
that solutions of commftcial strength are ouicklv former) - 
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At the positive pole ammonium nitrate is formed. Flis 
process is carried out as shown in Fig. 229. The cylinder 
G contains at the bottom sieves, S, for dividing the gas; at 
the top the non-conducting electrical portion, K. A number 
of carbon rods, K, connected by the metallic conductors, w.fwrm 
the hydrogen pole, a platinum wire-gauze cylinder,/, the oxygen 
pole; they arc separated by the porous diaphragm, d, tightly 
fitting on the annular bottom, a, of part E. Just below the 
level of the liquid, d is connected with a porcelain vessel, f, 
reaching to the top of G and preventing any mixture of oxygen 
and hydrogen. The apparatus D indicates any difference of 



pressure between the two chambers thus formed and remedies 
this at the same time. Thg ammonia liquor runs off through 
the perforated pipe ; the liquid formed,^, at the oxygen pole 
passes through pipe c serves for introducing nitrogen, h 
for increasing the prc.ssure, v for communication between the 
two electrode chambers; R is the washer, connected with the 
air-pump supplying the nitrogen. The process is carried on 
in the following way:—After G has been f.lled witl;> water,- 
firsf''low-pressure air, frefed in the washer R from oxygen and 
CO2, is passed through 1 rfoxi ca^ into G, the water running 
off through E and valve to the level of the sieves S. Now Oj, 
~b, and c are closed, and by means of a high-pressure pump nitrogen 
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^ • 

is forced in through R T r and / at 50 to loo atmospheres’ 
pressure, at the same time as water runs through pump Pj. 
As soon as the. liquid has risen to n, the p^le wires, Cj and e„, 
are connected with the source of electricity. At K tlje nascent 
hydrogen forms with the nitrogen ammonia, which dissolves in 
the ^ater and is carried off through tiy At J> at first only 
oxygen i» formed and let out at D. Later on ammonia 
diffuses through the diaphragm d and is oxidized to ammonium 
nitrate; if sufficient ammonia does not diffuse to fix all 
the oxygen, more is pumped in through 71 by means of 
pump Pj. 

Briner and Mettler {Co 7 //ptes mid., 1907, cxliv., p. 694), 
when sparking a mixture of N and H at ordinary tempera¬ 
tures, produced only 3 to 4 per cent. NH^, but at the 
temperature of liquid air almost complete combination was 
effected. The maximum production occurred at a pressure of 
about 100 mm., when 0-17 g. NH^ was produced per kilowatt 
hour. , 

The West-Deutsche Thomasphosphatwerke (Ger. P.s. 157287 
and 179300) make NH^ from a mixture of hydrogen, nitrogen, 
and carbon monoxide by the dark eleck-ic discharge,carrying off 
the heat of reaction ^which reduces the yield in consequence of 
the formation of ammonium forrniate) by cooling-arrangements, 
so that the temperature never excc(jds 80° C., and is preferably 
kept at 65° C. In this case about 20 pej cent, of the nitrogen 
can be converted into ammonia. The above mixture is most 
cheaply obtained in the shape of “mixed gas,” by blowing air 
and steana into a gas-producer fed with coke. 

Goriainoff (Fr. P. 368^5) electrolyzes water, employing part 
of the hydrogen formed to prepare pure nitrogen from air by 
taking out the oxygen, and combining this nitrogen with 
anotl^er part of the hydrogen to form ammonia by means of 
electric discharges, or else with the electrolytic oxygen to form 
nitric acid. , 

Hooper (U.S. P. 791194) employs the electric current in 
this w|y: the c'athtcjp'cell is filled with a solution of ammonium 
sulphate, the anode cell with a solutioa of sodium chloride;^ the 
temperature is kept at ickd” C. At the catTiode NH3 and H 
escape, at the anode Cl. This is united with the H to HCl, 
%fter taking the NHj outmf the gaseous mixture. 
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Cassel (Ger. P. 175480) gets NH, by electrolysis of nitrates 
or nitrites, with addition of a small quantity of a soluble lead 
salt. The nitrates or nitrites are obtained from atmospheric 
air by the electric current. 

Herford (t^.S. P. 940972) produces ammonia from mixttfres 
of I vol. nitrogen and 3 vols. hydrogen by electric discharges; 
the ammonia formed thereby is immediately cortbined with 
sulphuric acid blown in, and the solution of ammonium sulphate 
is run off. 

Blackmore(U.S. Ps. 979633,974741,974742)obtain5 ammonia 
by agitating a mixture of nitrogen and hydrogen with sand or 
mercury, previously impregnated with calcium or palladium, 
by heating or by passing an electric current through it. A 
continuously changing prcs.sure may also be employed. 

Summers (U.S. P. 1125208) heats nitrogen in an electric 
arc and then mixes it with hydrogen (or, for the production of 
nitrogen oxides, with oxygen), and immediately withdraws the 
products to a cooled 'cone, for which purpose apparatus is 
described. 

Classen (Fr. P. 470916; ItaL P. 141275) submits mixtures of 
nitrogen with hydrogen (for the production of nitrogen oxides, 
with oxygen) to the silent electric discha.-ge between 25° and 
100“ in the presence of contact materials (colloidal metals or 
alloys), for which purpose he de.scribes a tubular apparatus. 

Lepsius (Fr. P. 466102) passes the mixture of NH,, N, and 
H, coming out of the contact chamber, into the cylinder of a 
compression engine, where it does work and is cooled by 
expansion; on leaving the engine it goes into the absorbing- 
apparatus; and the gases coming out of this are compressed, 
whereby they get heated. 

Le Blanc {Chem. Zentr., 1914, ii., p. 117') found that in the 
formation of ammonia from the elements by silent electric 
discharges the law of the action of masses is not valid. The 
rate of formation depends on the dimensions ( 5 f the apparatus, 
on the density of the current, on the frequency of the oscillation 
of currents, etc. This agrees with a forifipr ^nvestigation of 
Lebhlnc and Davis [C/ieih. Zenlr., 1908, ii., p. 377). 

Winstanley and Williams (B. P. 21304, of I9i2)„distil 
nitrogenous rhatter, such as waste from wool, hair, leather, etc., 
in a retort in contact with hydrogen, jS-oduced bypassing steaia 
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over red-hot iron, and at the same time pass an electric current 
of say 12 amps, and 150 volts through the retort, returning the 
issuing gases into the retort until they are ^ifhciently rich in 
ammonia; the residue of the distillation is utilized 3 s animal 
ch^rcijal. 

Production of A minonia from Free Nitrogen by the Inten'ention 
of Nitrides. 

By Boron Nitride. —N. Ba.s.set (B. P. 4338, 1879) heats coal 
impregnated with boric acid, and covered with a layer of 
magnesia, lime, oxide of manganese, etc., in a retort, and pas.ses 
nitrogen over the mixture. When a sufficient quantity of 
boron nitride has been formed, .steam is introduced, and the 
ammonia now obtained is carried away. 

G N. Tucker (Ger. P. 13392) mixes carbon, impregnated 
with borates, with alkaline carbonates, or the oxides of 
manganese, antimony, iron, titanifer(Jl.is iron, or with the 
borates of these metals. These are exposed to a red-heat in 
retorts ; gas rich in nitrogen is passedjn, so that the nitrogen 
combines with boron; then .steam is passed in, which is decom¬ 
posed by the carbon*or the metal, and supplies the hydrogen 
necessary to/orm ammonia. Or else air or nitrogen and steam 
are mixed before introducing into tftc retort, in the proportion 
of 3 vols. HO,j to I vol. N. The borates »and the metallic 
oxides contained in the residue are to be used over again. The 
gas is purified by milk of lime from carbonic acid, hydrogen, 
sulphide, #nd tarry substaqce.s. * 

Lyons and Broadwell (U.S. P. 81C928) pass nitrogen or 
gases containing such into a batb consisting of fused borates 
of the positive metals, kept at about icwo'’ C. At the cathode, 
boron'nitride is formed, which is afterw-ards transformed by 
means of steam, at a temperature of 6oo°*or upwards, into boric 
acid and ammonfa:— 

Mond (/. Soc. Ckem. hid., 1889, p. 815) bedieves that boron 
nitride cannot be utilized for the purpose in question, owing 
to the high temperature ^required^for its formation, and the 
vSlatility of boric acid^ with»steam. 
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The ■ Comp. fratK;. pour I'cxploit. des prod. Thomson- 
Houston (Fr. P. 377683, addition No. 17669; 456488) obtains 
boron nitride by<ijeating boric anhydride with cyanides or ferro- 
cyanides'in an electrical furnace to 20C0'’. 

Heyden and the General Electric Co. (U.S. P. 1077712) heat 
a mi-xture of bofic acid, magnesia, and ammonium chlorfee in a 
muffle to 8oo‘, and obtain from the product biJron nitride 
by washing with dilute sulphuric acid and drying in vacuo. 
Staehler (Ger. P. appl. Si8035) also uses boron nitride. 

The preparation of pure or nearly pure boron nitride from 
boron compounds, c.g. trioxide, by means of ammonia, is 
described in the Ger. P. 282701 of Ehrich and Graetz. 

Podszus (Ger. P. 282748) prepares solid lumps of boron or 
titanium nitride by moulding the oxides into pieces, heating 
these up to the sintering point, and converting them into 
nitrides by heating in an atmosphere of ammonia. These 
nitrides di.s.sociate only above 2000°, and are the best of 
all materials for thor construetion of furnace linings and 
crucibles. 

By Silico 7 t Nitride. —L. Roth (Ger. P. 197393) employs silicon 
carbide for preparing sllieon nitride, fie prescribes avoiding 
the injurious action of the atrao.sphericioxygen in preparing 
the nitrides from air, by dialyzing the air by means of a finely 
powdered mixture of amorphous silicon carbi'dc (which is 
obtained as a by-orcduct in the manufacture of carborundum), 
with half its weight of iron. This mixture is spread on slabs 
of burnt ejay, 2| in. thick, which are placed in a furnace.' 
If air is pas.sed through this, the nitrogen diffuses, first, and 
ean be converted into nitrides (4/.'his Ger. P. 191914 supra, 
p. 1086). 

Sinding-Larsen and Storm (Ger. P. 21J037) prepare silicon 
nitride from silieon in the shape of a metallic alloy, liquid at 
the temperature of reaction, by treating it with nitrogen. The 
other constituent of the alloy subjected to this treatment is 
distilled into a receiver. Silicon at high temperatures easily 
combifies with nitrogen, but a quantititiva'converson into. 
nitrMe is prevented by‘ihe fact that the nitride formed at first 
forms a coating on the silicon still present as such. This is 
avoided by dissolving the silicon in a metal with wfiich it 
forms a mass liquid at the'temperahrre of reaction, e.g. iron^sr 
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aluminium. From this alloy by means of a current of nitrogen 
at a suitable temperature all the silicon may be obtained as 
nitride, and that in such a state of fine division that it may be 
immediately applied as a fertilizer, or for the preparation of 
othfer compounds. Another patent of the .same inventors (Gcr. 
P, 229638) prescribes attaching the treatment with nitrogen 
immediately to the preparation of the silicon, by vaporizing 
this in the moment of being liberated and bringing it together, 
outside the mass from which it has been formed, with nitrogen 
heated to a sufficiently high temperature. 

Weiss and Engelhardt (Z. amrg. (//«//., l.xv., p. 38) made 
a laboratory investigation of the nitrogen compounds of silicon. 
By heating pure silicon in a current of nitrogen at a temperature 
of 1300° to 1400°, they prepared three different nitrides, viz., 
SijN,, and SiN by heating for an hour, one or the other of 
the just-named nitrides being obtained according to subsequent 
purifying processes; by prolonging the treatment up to a 
complete saturation with nitrogen, tlie proper silicon nitride 
SijN^ is formed. These nitrides show a great resistance to 
chemical influence.s. 

Serpek (Fr. P. 433925) also de.scrtbcs the preparation of 
silicon nitride. • 

The Badische Anilin- und Sodafabrik (Fr. P. 405712; Ger. 
Ps. 234129 and 241510) states that silicon nitrides can be easily 
and at .comparatively low temperatures .prepared by trei^ting 
mixtures of silica and carbon, in the presence of metals or 
metallic compounds, with nitrogen or gaseous mixtures con¬ 
taining nkrogen. E.g., 3 . mixture of 70 kg. quartz, 5 kg.iron, 
and 25 kg. soot is heated during twelve hours to 1400° in a current 
of nitrogen. Or else masses containing silica are employed, 
especially s'ilicates cqntainingto begin with such metals or metallic 
compounds, like river gravel, kaolin, or granite, which at 1500“ 
and above thi.s furnish abundantly niUogen compounds. In 
such cases whefe the metals or metallic compounds present 
are capable of forming lytrides as well, the product is of course 
a mixture of s'i&oji* nitride with metallic nitrides. FTom the 
nitrogen compounds obtained in Ihfb way,,ammonia ceBi be 
prepared by treating them with basic oxides, hydroxides, or 
salts in the presence of water, e.g., by heating the product with 
neilk of lime in aft autoclave to i6cf. 
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By titanium Nitride .—Tessie dii Motay allowed a mixture 
of nitrogen and hydrogen to act upon titanium nitride. Titanium 
forms two nitridfs, the higher of which is at high temperatures 
reduced fiy hydrogen to the lower, with formation of ammonia. 
When passing a mixture of hydrogen and nitrogen oyer "the 
higher titanium nitride, Mond never obtained so much ammonia 
as would be formed without any free nitrogen. Hence the 
lower nitride does not combine with more nitrogen, which 
according to him makes the process impo.ssible. 

Huntington {Eng. and Min. /., 1892, p. 607) obtained from , 
titanium nitride, prepared from titanium and nitrogen, only 
traces of ammonia by means of hydrogen. 

The Badische Anilin- und Sodafabrik has given great 
attention to the preparation of ammonia by the mediation of 
titanium nitrides. According to the U.S. I’. 957842 (taken out 
by Bosch and assigned to the Badische), titanium nitrides are 
prepared by heating a mixture of 80 parts titanic acid, 20 
charcoal, and 2 sodium* .sulphate in the presence of nitrogen at 
temperatures above 1100°, preferably at 1240", whereby Ti^N.^ 
or another nitride or cyanamide is formed. The same firm 
(U.S. P. 957843) prepares ammonia or its .salts by heating 
titanium nitride with air in the presence of caustic soda and 
cupric oxide, or sulphuric acid, or calcium chloride, or sodium 
bisulphatc, or ferric sulphate and water. The reaction is facili¬ 
tated by adding oxides of iron, manganese, mercury, cerium, 
or alkaline carbonates. 

Their Ger.P. 203750 also protects the addition of alkali salts 
(sulphates or carbonates) for the piirpose of accelerating the 
reaction.' Already when adding only 2 parts sodium sulphate 
to 80 titanic acid and 20 charcoal, the nitride is quickly formed 
at temperatures of about 1240°. * 

Their Ger. P. 200986 describes the preparation of the 
cyanides of the alkalies and alkaline earths from titanium 
nitrides and cyanonitrides. The titanium nitride is heated 
with the oxides, carbonates, sulphatef, etc.,,in .the presence of 
carbon or of compounds containing this, v^ith Jr without fluxes. 
Th/alkalis yield, only cyanides, baryta, a mixture of cyanide 
and cyanamide, lime almost entirely calcium cyanamide. 
The titanic acid can be recovered from the ^ melt. Ammonia 
is obtained from the titanium cyano,nitride in many ways. 
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Their Ger. P. 202563 describes the working with oxidizing 
agents, avoiding temperatures of such height that the ammonia 
would be converted into nitrogen. Suitable Oxidizing agents 
are chfomic acid, manganese peroxide, ferric oxide,‘mercuric 
oxifle j>r their salts ; sulphuric acid or bisulphates; electrolysis 
in the presence of oxygen carriers; or air in the presence of water 
or steam high pressure in the presence of acid and iron 
salts. 

Their Ger. P. 20374S states that when proceeding according 
to 202563, in lieu of ammonia, or along with this, nitrogen oxides 
are obtained, if the treatment of the titanium cyanogen-nitride 
with o.xidizing agents (oi;;, a current of air and steam at 300° to 
400°) is carried out in the presence of a contact substance, 
C.O., a very dilute solution of platinum. 

Their Ger. P. 204204 shows that other nitrides of titanium 
may be treated as shown in Ps. 202563 and 203748. P. 204475 
states that as oxidizing agent steam may be employed in the 
presence of some compounds (sodium caitionate, sodium hydrate, 
calcium chloride), which by themselves do not oxidize titanium 
nitrides. This has the advantage that^the temperature of the 
reaction may be lowered to 300" to 500", which prevents the 
destruction of the amftionia formed. 

According to their Ger. P. 204487 ammonia may be prepared 
from titanium nitrides by heating them with acids or salts, 
splitting, off acids under such conditions tiiat no oxidation 
can take place ; e.g., with concentrated sulphuric acid at 150", 
whereby a lower degree of oxidation of titanium goes into 
solution, or by boiling witlj sulphuric acid of 30 per cent, "with 
exclusion of air, or by heating with hydrochloric acid to 200° 
under pressure. 

Patents of the JIadische for preparing and working up 
titanium nitrides in other countries are: 

B. Ps. 1841, 1842, 2414, of 1908; 2525^ of 1909. 

Fr. Ps. 387CX3r, 387002. 

U.S. P.9230;2,. ^, 

Landmark (Mbrw.'P. 20198, of 190^ prepares ammonia by 
heating titanium nitride with coal and steamy.according to^he 
reactian: 

zTiN., + 3C -t- 3H2O = zTiN + 2CO + zNH,. 

* The TiN formed is easily brought back again to TiN, by 
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treating it with nitrogen. The process may be carried out 
continuously by passing a mixture of nitrogen and steam over 
a mixture of tita!iiuin nitride and coal. The evolution of NH3 
goes on until all the coal has been consumed; the CO ‘formed 
from it may be utilized for heating the apparatus, « * 

Bronnert (report to the Bull. Soc. hid. Mulhoim., 1909, p. 39) 
states that he never succeeded combining more than 12 per 
cent, nitrogen with titanium in the shape of nitride. 

Ruff and Treidel (AV;-/. /)(V., 1912, p. 1364) report on their 
investigations of titanium nitrides. Apart from the “ Titanstick- 
stoff,” prepared already by Wohler (who gave it the formula 
TijN^, which, however, has been recognized by Ruff and F.isner, 
ibid.^ 1908, p. 2250; 1909, p. 900, as having a composition 
according to the formula TiN), which they call “ titaiwnitride," 
they succeeded in pre])aring '* titan/nitride,” Ti,,N.,, w'hich, 
otherwise than TiN, is decomposed by water into hydrated 
titanium dioxide and Nil.,, and which on heating to 
comparatively low temperatures is split up into 3TiN + N. 
This fact induced them to try the po.ssibility of obtaining 
ammonia by the action of nitrogen and hydrogen in the 
proportion of : 3M2 on the potassium salt of titanium 
di-i nide, Ti (NH) NK. At 360° a contraction of the gaseous 
mixture could be observed which led them to conclude that 
ammonia had been forme 3 . 

Sinding-Larsen knd Storm (Norw. P. 24423) obtain 
titanium nitride by treating titanium oxide with chlorine or 
sulphur in* the presence of reducing substances, and then 
allmving nitrogen to act on the product at a higher temperature. 

By Magnesium Nitride .—Willson (B. P. 21755, of 1895) 
prepares magnesium nitrida by passing nitrogen, through a 
mixture of magnesia and carbon heated m an cleclric furnace, 
and decomposes it by .steam into ammonia and re-formed 
magnesia. The nitrogen is obtained from atmospheric air, 
which is deprived of its oxygen by red-hot coTce, which is thus 
converged into CO; or preferably by biqwing.the furnace for 
CO^and fixing this by lyne, so that pure’iritrogen is obtained. 
[A very just critique of this patent is given in Z. Elektrochem., 
1896,9.274,] 

Rossel and Franck [Chei^i. Zeit., ^896, p. 3^) also propose to 
employ magnesium nitride, but they prepare this in a m 3 st 
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impracticable and costly way, by heating calcium carbide with 
metallic magnesium in the presence of air. 

Borchers and Beck (Ger. P. 196323,0! 190S) prepare nitrides 
of metals from atmospheric nitrogen by the assi.stance of the 
eleitrif current in a similar way, as is employed in the electrolysis 
of alkaline chlorides, where the cathodic mercury is charged with 
alkaline me\al, which is taken out of it, so that the mercury can 
be used over again. An alloy of tin and magnesimn, clcctro- 
lytically formed, is by the action of nitrogen in another space 
partially converted into magnesium nitride; the alloy, now 
containing much less Mg, returns to the cathode .space to be 
again enriched with Mg. The magnesium nitride is converted 
into ammonia by means of water or of steam, and the prtcess 
may be conducted in such manner that anhydrous ammonia 
and anhydrous MgO are formed. The latter is used over again 
in the electrolytic cell. 

Another process for that purpose is that of Roth (Ger. P. 

197393 )- 

Matignon and Lassieur {Comptes rend., 1912, p. 63) .show 
that by heating magnesium powder^ with air at 600" and 
upwards, very little N is ab.sorbcd, nearly all the Mg passing 
over into MgO. Accdl'ding to the same authors {Bull. Soc. Chiin., 
1912, p, 265), magnesium nitride is obtained by heating 
magne.siuni in a crucible almost co'njrletely closed and placed 
in a muffle at such a temperature that it*volatilizes. The 
magnesium vapour combines slowly with the nitrogen of the 
air, forming crystalline nitride. . ‘ 

Wallacfe and Wassme^ (B. P. 1S450, of 1912; U.fs. P. 
1083232 ; Fr. P. 464692) convert magnesium into nitride and 
divide this into two portions, oije of which is treated with 
hydrogen sulphide t» convert it into magnesium suljjhide, and 
the otlTer with hydrochloric acid to form chloride. The sulphide 
and chloride are then electrolyzed together, and the metal 
obtained is again'eonverted into nitride, and so on; the S and 
Cl and the chlorides 0/ ailphur al.so produced by elcct^'olysis 
being treated to'forih H.^S and HCl. Chloride may also be 
introduced from an outside source and only pert of the m^al 
converted into nitride. 

J. E. Bucher (U.S. Ps. 1113598 and 1113599, assigned to 
Nitrogen Products' Co.) fixes nitrogen by magnesium, prepared 
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by elecWoIysis from magnesium chloride, converts the chlorine 
liberated at the same time into HCl, and uses this to react on 
the magnesium ftitride, to form NH, or NH,C 1 , and regenerate 
the MgClj. Or else he treats the magnesium nitride with water 
to form NHj and MgO. ' 

By Calcium Nitride .—Kaiser (B. P. 26803, ' 9^5 i P. 
181657; Fr. P. 350966) obtains NH.| by heating caltium nitride 
in a current of hydrogen under high pressure; the calcium is 
reduced to the metallic state, or to a hydride when the hydrogen 
is in excess. If now nitrogen is passed over it, calcium nitride 
is re-formed. !\ continuous production of NHj can be effected 
by heating metallic calcium alternately in a current of nitrogen 
and hydrogen. This takes place all the more readily when the 
metal is deposited on asbestos in a finely divided state. The 
reaction sets in at about l5o”C.; the best results are obtained 
between 200" to 400". The velocity of the current of gases 
is regulated by observing whether on exceeding a certain 
velocity the transformation into ammonia is no more complete. 
Good results are obtained by passing 20 to 30 litres of gas and 
upwards per hour through the catalyzer. 

Collet and Eckardt (Norw. Pat. 19716) also employ 
calcium nitride for this purpose. So does Peacock (U.S. P. 
1147184). 

Lidholm (Ger. P. 27/525) obtains a technically complete 
yield of ammonia, from calcium nitride by heating with water 
under pressure in the presence of alkaline hydroxides or 
carbonates 

•By Aluminium Nitride .—A great deal of attentien has been 
given tS the synthesis of ammonia by means of aluminium 
nitride, principally in connection with the results obtained by 
Serpek. , 

Serpek (Ger. Ps. 181991 and 183702) in the year 1905 
obtained aluminium nitride by allowing nitrogen to act in an 
electric furnace on a mixture of 4 parts alumina, 2 parts carbon, 
and 0'5 part copper, moulded into bricks. Very soon a strong 
evolution of carbon monoxide sets it, v/beriupon nitrogen is 
admitted. It is best to allow the nitrogen to act upon a 
mixture of alumina and calcium carbide; thereby a jiroduct 
containing up to 17 per cent, nitrogen is obtained, so that the 
reaction must be nearly quantitative. The absorption • of 
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nitrogen is hastened by the addition of a little calcium chloride. 
From the nitrides formed the ammonia is obtained in the 
usual way. 

On ‘this process Kronnert {Btill. Soc. hid. Mnlhousc, 1909, 
p. 3^) Reported as follows;—Serpek was the first to carry out 
the industrial preparation of aluminium carbide by heating a 
mixture of aluminium oxide and carbon in an electric furnace, 
in the shape of large, yellow cry.stals. This carbide behaves 
otherwise than calcium or barium carbide; in contact with 
water it dues not give off acetylene, but methane. If it is 
heated and treated with pure nitrogen, no cyanide is formed 
(as observed by Frank and Caro in the case of calcium carbide), 
nor a mixture of cyanide and cyanamidc (as found by Frank, 
Caro, and Roth in the case of barium carbide), nor cyanamide 
by itself (found by Frank, I’flegcr, and Caro when working 
with pure calcium carbide), but aluminium nitride, AljN,. 
Thi.s compound is not isolated, but immediatel)' more alumina 
is added and nitrogen pas.scd in, whereBy mixtures containing 
from 20 to 24 per cent, nitrogen are obtained, which may be 
employed as such for fertilizing purj^oses, since under the 
influence of water and atmospheric oxygen they gradually give 
off ammonia. In experimental factory at Mulhousc- 
Niedernior,sch,v>'eiler, from this compound crystallized aluminium 
nitride, AIN, with 34 per cent. nit"-(?gen, was obtained. The 
action of nitrogen on aluminium carMde • takes place at 
comparatively low temperatures; as a source of nitrogen, 
producer-gas may be employed which, along with ?7 per cent, 
nitrogen, contains only CO,and a little CO.. [This staterilent 
is contradicted by Kblcr in Z. angnv. Chan., 1909, p. 1445, 
who states that the Serpek procejs mu.st be carried out with 
pure nitrogen,] Tha consumption of electric energy for the 
fixation'of nitrogen in the shape of AIN is only half as large 
as that for producing C3'anamide, and oflly an eighth of the 
amount required for the combustion of nitrogen to nitric acid 
by the process of. Birkekmd and Eydc. \Cf. Lunge’s Sulphuric 
Acid and Alkali, ^th^efl., vol. i., pp. 232 cl scq., 1913.] 

According to a further patent of ^rpek’s»(Ger. P. 2i6;^6, 
of 190S), a mixture of alumina and carbon is placed in an 
electrically heated furnace upon litjuid ferric carbide, with a 
str6ng supply of ni’trogen or.producer-gas rich in nitrogen, and 
• * 4 A 
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the aluminium nitride formed is drawn out at the other end of 
the furnace. Thus in a continuous way a carbide is obtained 
which at once 'reacts with more alumina, with formation of 
metallic aluminium, which alloys itself with the metallic iron 
formed at the same time, and immediately combines With 
nitrogen, forming an aluminium nitride containing an un¬ 
precedentedly high percentage of nitrogen. The'reaction is: 

ALOj+Al^C, = r)Al + 3COand6Al+6N jAL.N.,. 

The carbon monoxide formed is collected and employed for 
drying and pre-heating the mixture of alumina and carbon. 

y\nother process of Serpek’s (Ger. P. appl. 827492) consists 
of heating a mixture of alumina and carbon until 15 to 20 per 
cent, of it has been transformed into carbide. Avoiding this to 
be fused, nitrogen is passed in, whereupon immediately nitride 
is formed, with development of much heat and formation of CO. 

According to Serpek’s B. P. 7507, of 1909, alumina or. 
alumina compounds, mixed with carbon, arc heated in an 
atmosphere of nitrogen not over 2000', whereby nearly pure 
aluminium nitride with an average content of 30 per cent, 
nitrogen is obtained. 

The preparation of ammonia from the aluminium nitride, 
according to Serpek’s B. P. 15997, of 1909, is effected by 
boiling the latter with-a solution of potassium aluminate. 
The nitride resi.sts pretty well the action of pure water, even 
at temperatures above 100°, but by potassium aluminate the 
decomposition takes place completely and sufficiently quickly. 
A solution of potassiuiVi hydrate is added to the nitride and 
boiled, Whereupon aluminate is formed and ammonia is given 
off in large quantities. The solution of aluminate thus 
obtained is employed for decomposing further quantities of 
nitride. Within one to one and a half hours, all the nitrogen 
of the nitride is obtained in the shape of NHj. For I(X) parts 
of aluminium nitride there is employed 120 parts of potassium 
aluminate and 200 parts water. ^ « 

Tfie B. Ps. 12601 and 16522, of igog, a*j'd 13086^01 1910 
describe improvements in the revolving furnaces employed for 
Serpek’s processes. 

The following notes on aluminium nitride and the prepara-' 
tion of ammonia from it I owe_to a direct communication 
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rom Dr O. Serpek. If aluminium powder in the shape of 
‘bronze” is treated with nitrogen at temperatures from 650° to 
?oo", the N is absorbed by the A), with consiHcrablc evolution 
jfheaf, and aluminium nitride of the formula Al.Nj is produced. 
By^:ny)loying pure “aluminium bronze,” perfectly pure nitride 
s obtained, Thi.s method is, however, too expensive for 
ivorking oS the large .scale, on account of the high price of 
ilumiiiium metal. But the more ca.sily and cheaply obtained 
iluminium carbide, Al^C.,, may be employed for manufacturing 
the nitride. As stated in Serpek’.s Ger. I’s. 181991, 181992, 
183702, 235669, technical aluminium carbide at 1100' to 1200" 
takes up nitrogen, nitride being formed. The yield is greatly 
raised by mixing alumina with the carbide. In fact it is not 
the carbide itself which fixes the nitrogen, but the reaction is: 

.\l,C. + AhO,, + ()N - 3C() + ().\IN. 

To be sure, the carbide a.s well furnishes nitride, but only at 
the temperature of its di.ssociation. Since this method requires 
the previous manufacture of aluminium carbide, Serpek (as 
proved by his later patent.s) .strove at finding a direct rvay of 
producing the nitride. His Ger. T. 2|i886 describes treating 
mixtures of alumina* and carbon in the electric arc under 
special working conditions. In his Ger. P. 216746 he employs 
the same mixture in an induction furnace, under such conditions 
that in the first instance aluminium carbide^ is formetl, which 
immediately reacts with ••ilumina according to the just given 
equation. This process rvorked very satisfactorily, for a long 
time, until,Serpek succeeded in carrying out the production of 
nitride without the interr^ediate formation of carbide. This 
new' process is described in Ger. P. 224628. It states that the 
reaction : • 

AIA, + 3(.'h 2N - 2A1N’ + .3(:o 

can be carried through at such temperatures that no carbide 
is formed, nor alilmina is fused, and in the absence of nitrogen 
no reduction of the alumijpa takes place. At 165' the reaction 
is alre^ly so sKong", that a complete formation of nitride 
takes place within a short time. By the addition of sjflall 
quantities of other substances the temperature of the reaction 
is considerably lowered; therefore the reaction goes on much 
mflre quickly wheh working.with bauxite instead of with pure 
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alumina.' Here in fact themass may be heated without the electric 
current; the temperatures obtained in tolerably well-constructed 
gas furnaces sufffce for converting bauxite into nitride. 

The process described in that 'patent is already in pfactical 
operation in Savf)y, in a very .simple manner. Bau^itS is 
charged into an inclined revolving furnace, Fig. 230, .similar to 
those used in the manufacture of Portland cctfient. The 
preliminary heating of the bauxite is effected in the upper 
cylinder, n, by the combustion of the carbon monoxide given 
off in b. The red-hot bauxite falls into the lower cylinder, b, 
in which a length of 5 metres is heated to 1500" by electric 



Fig. 230. 


carton-resistances. In this case ^ the electric heating was 
preferred to heating by gas, in order to carry out the reaction 
in an atmosphere as free as possible from CO., and 0 . The 
nitrogen is supplied by producer-gas, containing about 20 per 
cent. CO, made in the producer t, and carried through i and g 
in an opposite direction to the solid mass; it is preheated by 
the nitride coming from the zone of reaction, In which it gives 
up its nitrogen and takes up the CQ formed^ in the reaction. 
The gases, containing about 70 per ceirt.. CO, are burned in 
tht* upper furnase, a, b^ atmospheric air, so that the bauxite 
is easily preheated there to i6oo'’. The carbon requij-ed for 
mixing with it is introduced in the vertical channel, c, 
connecting the furnaces ir'and ^^''this is done in order Ho 
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protect it from oxidation in a by the atmospheric air. The 
nitride is continuously discharged at h by means of a 
mechanical arrangement; it has a grey-whitt colour and the 
form of coarse powder, and contains from 24 to 32 per cent, 
nitrogjn, varying with the quality of the bauxite employed. 

It is remarkable that even from the white, silicious bauxites 
nitrides arc formed, containing more nitrogen than corresponds 
to their alumina contents. This is explained by Serpek, in 
a further patent (Ger. P. 241339 of the Soc. Gen. des Nitrures), 
by the fact that silica in the presence of carbon and nitrogen 
volatilizes at 1400° in the .shape of a compound containing 
carbon and about 5 per cent, nitrogen, and is carried away by 
the gases passing away from the furnace. Tin; formation of 
this compound is the rea.son why silicium nitride cannot be 
produced on a large scale. If the heating is not carried np to 
1300", there is no volatilization, but the reaction between 
silica, carbon, and nitrogen requires several days; if the attempt 
is made to accelerate the process by raising the temperature, 
the volatilization sets in as ju.st described. 

The only impurity remaining in tljc aluminium nitride is 
metallic iron, from the bauxite, which may be easily removed 
in a magnetic way, bift: which causes no trouble when working 
the nitride for alumina and ammonia In' Baj'cr’s process {Chevi. 
Zeit., i<SiS8, p. 139!, and 1893, p 39), as modified by Serpek. 

T'ac working of ihf intridi'for amnionid isn ery simple. At 
ordinary pressures even boiling water does not act very easily 
upon nitride, but under a pressure of 4 to 6 atmospheres it 
is complefbly decomposed, within two or three hours. The 
decomposition goes on much more quickly if the nitride is 
acted upon by alkaline leys, applying the Bayer process, 
worked out for bauxite, to nitride. In the latter case the 
leys may be much weaker, and need not be concentrated again 
after distilling off the ammonia and precifiitating the alumina; 
for by the reaction 2AIN + 3H.JO = ALO.,+ 2NH.j water is 
consumed, and the/e]?y tiie alkaline ley is concentratefi, and 
even msre than ■^ndi^ated by that reaction, since aluminium 
hydroxide is also formed. Moreover, together with the 
ammonia, there is also a certain quantity of water evaporated. 
The washing-water from ^le precipitation of alumina mostly 
hardly suffices for impartiag to the aluminate liquor, going 



1108 SOUECES FROM WHICH AMMONIA IS 6BTAINED 

back to the decomposing process the necessary degree of 
dilution. There is therefore no loss of alkali in this process. 

His Ger. I’. 2^2674 prescribes treating the aluminium nitride 
by a small quantity of solution of alkaline aluminate. 

The production of/arc via the nitride is sui cheap 

that all the aluminium factories belonging to the French 
Aluminium Sjuidicate have acquired the process, and at the 
time of reporting were bu.sy with erecting the necessary plant 

On the propeyties of trluunnium uilridr Serpek makes the 
following statements;—The nitride obtained from aluminium 
powder is amorphous, and not very easil)’ acted upon by water. 
The nitrides prepared from mixtures of alumina and carbon 
are crystallized; the crystals are all the better formed, the 
higher the temperature in their production. Espcciall)' the 
crystallized nitride is a very stable substance. Even at 2500 
it does not fuse, but only begins to dissociate. It is an 
excellent insulator for beat, and even at 1400" also for 
electricity. On account of its infusibilit)’, the nitride is 
employed as lining in the furnaces serving for its production, 
which imparts to then; an almo.st unlimited durabilit)-. By 
the atmospheric oxygen the nitride is not acted upon even 
at 1300°, and only above that temperature the nitrogen is 
gradually replaced by oxygen. Steam has also .tio action on 
it at high temperatures. It resi.sts all acid.s, and is only slowly 
decomposed by Kydfofluoric acid. I’ure nitride is white like 
Sugar; the crystals are transparent and frequently show a 
more or less deep blue colour. 

According to a statement of, the .Aluminiunt-Industrie 
Aktien-(jesell.schaft, at Ncuhausen, in Ckem. Zeit., 1914, p. 1266, 
the Serpek process had at that time not yet got beyond the experi¬ 
mental stage. The factory in course of construction at Arendal, 
which was to produce 40,000 tons ammonium sulphate by that 
process (ibid., p. 343), was to be altered for the Bayer process. 

The’economy of Serpek’s process is proved by the fact that up 
to the time of reporting, 1 kg. of combinect lytrogen, inclusive of 
all motoric power expended, does not require biorc than 15 h.p. 
hotirs, and Serpek believes that this wilt be further diminished. 

It is there asserted that the conclusion is justifiod that 
among all the syntheses of ammonia^from atmospheric nitrogen 
founded upon the intermediary formation of nitrides, the 
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Serpek process is far away the most perfect and important, 
and its technical importance is enhanced by its leading also 
to the production of pure alumina on a very la^e scale and in 
a very sample manner. Through Serpek’.s invention thequc.stion 
of etoiy)mically fixing the atmospheric nitrogen in the sliape 
of ammonia seems to be .solved. The economic exploitation 
has been talren over by the Societe Generale des Nitruros. 

Further patents on this process have been taken b\- .Serpek and 
by the Soc.Gen.des Nitrures(partly in its own name) as follows:— 

B. Ps. 7507,of 1909; 13086,0! 1910; 25141.0! 1911; 8347,8348, 
8349, 10036, 22435, 25630, of 1913 ; 10975, 11091, 21366, 23740, 
24731, 27030, 27971, of 1913; 4287, 22586, 24533, of 1914; 
U.S. Ps. 987408, 1040459, 1078314, 1078S13, 1094171, 1145747, 
1145748; Ger. Ps. 238340, 241339, 246931, 246932, 272674; 
Fr. Ps. 42GS68, 427109,435308, 437168, 438201), 450140, 450178, 
457650, 457723,465807. 

Ferro-alHiiiinunii nitride (45 per cent. Al) is u.sed b\' the 
Soc. Gen. des Nitrures (B. P. 27030, of 1913; Fr. P. 470099) 
for fixing nitrogen. The mass is heated to aljout 1200', and 
b}- the exothermic reaction the temperature gets up to about 
1850“, high enough to convert all the aluminium into nitride. In 
the place of ferro-alSminium, alloys of iron with .silicon, etc., 
may be used.^ According to their B. P. 27971, of 1913, nitrogen 
is fixed on ferro-aluminium by starting the reaction at one or 
more points in the ma.s.s of ferro-aliiminiiKn. jnd then allowing 
it to propagate of its own accord through tiie nias.s. Or the 
ferro-aluminium is placed in the state of powder, cold or hot, 
into an atmosphere of nitrogen which may be heated. 0» the 
nitrogen is led to the bottom of a crucible coiuaiukig ferro- 
aluminium raised to the ncce.ssary temperature. Or the ferro- 
aluminium' is emplpyed in the form of powder in packets 
wrapped in paper, or in the form of agglomerates. A few per 
cent, of compounds, capable of accelerating the reaction such 
as oxides, and, ifl particular, Al,., Al,, C3, or AIFL, may be added 
to the F'e-Al. The products obtained may be used for the 
producUon .of anstTgitia alone, or both NH-and AbO,,. *In the 
former case, the product may be trAtcd wpth limited alkali 
or alkjli metal aluininate, as described in B. P. 10036,0! 1912, 
or the attack may be effected by hot water alone, jireferably 
uflder pressure. ‘The resiflue can be u.sed for preparing a fresh 
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supply of ferro-ahiminium, to be again treated with nitrogen. 
If pure alumina is also desired, the product may be treated 
according to the process of B. P. 13088, of 1910, and the 
residue,‘after the removal of ALO.3 may be used *in the 
preparation of a fresh supply of ferro-aluminiiim by^adfling 
a further quantity of bauxite and carbon. 

Their R. P. 28071, 6f 1913, pre,scribcs the addition to ferro- 
aluminium of alumina, or aluminous sub.stances such as bauxite, 
kaolin, etc., and carbon, or ferro-compounds in which silicium 
or boron are alloyed with the iron and carbon. Their B. P. 
4287, of 1914, prc.scribes the addition of 10 per cent, calcium 
carbide to the fcrro-aluminium. 

Samuel A. Tucker (/. Sor. Chem. hid., 1913, p. 1143 ; Trans. 
Amer. Electrochcm. Soc., 1912, x., p. 745) has inve.stigated the 
Serpek process in his laboratory, in conjunction with Henry L. 
Read, and obtained very satisfactory results. A further paper of 
his on that subject is in /. Ind. Ei/sf. Chun,, 1913, pp. 139, 191. 
Other investigations ofit were made by J. W. Richards {Met. 
and Chem. Eng., 1913, xi, p. 137); by Malignon and by Herrc 
{Chem. Zeit., 1914, pp. 317, 341, 894. 909 )- 

Sofianopulos {Bull. ^oc. Chim., v., p. 614) has made a similar 
investigation ; also Kohn-Abrest {Bull. As.soe. Chim. Suer., 1911, 
p. loio). 

Other processes. —The Radische Anilin- und Sodafabrik have 
taken out the fojlowing patents for producing amrr\onia by 
means of aluminium nitride:— 

B. P. 53?2, of 1910. 

Ger. Ps. 236892, 237436, 243839. ^ 

U.S. P. 1102715 (Bosch and Mittasch). 

Fr. Ps. 418059, 418287. 

That process is also described in the p?.tents of Coutagne: 
Fr. Ps. 436710, 436789, 472465: B. P. 12057, of 1914. 

Zanker (Fr. P. 459*93) obtains ammonia and alumina from 
aluminium nitride, by boiling it under pressure with a 
concentrated solution of alkaline cybonates and with an 
alkalind-earth oxide. ■ . « . 

/anker (Ger. P. 280686; Fr. P. 458519) also describes a 
tunnel-furnace for the production of metallic nitrides or cyanides 
from oxides, carbon or carbonaceous gases, and nitrogen. 

Fichter and Oe.sterheld (‘Z. Ekktfochem., 1915, p. 50) fourtd 
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that the crystals of aluminium nitride, formed in the manufacture 
of that substance, are produced by sublimation. They found as 
the best process for preparing pure aluminium nitride; pro¬ 
ducing* a light-arc with aluminium electrodes in a nitrogen 
atnlbsghere, and liberating the aluminium nitride formed from 
the unchanged metal by heating in dilute hydrogen. 

Milde (tJ.S. P. 1115003, assigned to the Aluminium-Industrie 
Akt. Ge.s., Ncuhausen) converts aluminium nitride by boiling with 
the hydroxide of an alkaline-earth metal into ammonia and an 
alkaline-earth aluminate. The latter is boiled with a concentrated 
solution of alkali carbonate, and the resulting alkali aluminate 
treated for the production of pure alumina. Or the nitride 
and alkaline-earth hj’droxide are boiled simultaneously with 
the solution of alkali carbonate, and alumina is prepared from 
the concentrated solution of alkali aluminate thus obtained. 

C.'Ellis (B. P. 25630, of 1912) obtains aluminium nitride by 
blowing reducing gases into a furnace charged with ."ilumina, 
and allowing them to be burned there. ■ 

Giulini Bros. (B. P. 22S37, of 1913; Gcr. 11 2S4531 ; Fr. P. 
463232) conduct the manufacture of aluminium nitride and 
C)’anide by the reaction of nitrogen on a mixture of carbon and 
alumina (etc.), togeth;A with an as.sistiiig substance, such as an 
oxide, hydroxide, or salt of a ba.sic metal, in ves.scls, tubes, etc., 
formed of or lined with carbon, at a temperature at which the 
charge dges not melt. .Such a lining of cafboij may be obtained 
by heating coal to incandescence in a vc.sscl of refractory 
material with exclusion of air ; or a separate inner carbon tube 
may be •mployed, fitting^ inside the outer tube. A large 
proportion of assisting substance may be used. • 

Bunet (U.S. P. 1145747) also employs aluminium nitride. 
Wolf {Z. amrg. tChem., 1914, Ixxxvii., p. 120) prepares 
aluminium nitride by rapidly heating to 1900" to 2000° in an 
electric resistance-oven for an hour ; nearly chemically pure 
nitride, containing up to 33-7 per cent. N, is obtained. The 
volatilization commences^at 1850', with dissociation. The 
nitride v crystafljne, and fuses at 2150” to 2200°. * 

Badin (U.S. P. 1143842) makes ^iluminium nitride 4 y 
passing, a mixture of 30 parts bauxite and- 12 parts carbon 
through a coal-dust flame, fed with just enough air to produce 
CO^ to the flYrln‘?irfn nf PO* • 
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Peniakoff CU.S. P. 1159989; Fr. P.465679) makes ammonia 
by means of double nitrides of aluminium and alkali or alkaline- 
earth metals. • 

• • 

By Benic Nitride. , 

Margoles ( 1 %. P. 465265) obtains ferric nitride for*use as 
fertilizer, or for the production of ammonia, by submitting ferric 
oxide at temperatures from 500' to 1200'' to the action of 
atmospheric nitrogen, in the pre.sence of hydrogen or a gaseous 
mixture containing it. The nitride obtained i.s treated with 
steam, to regenerate the ferric oxide and produce ammonia. 
By adding carbon, cyanides, cyanamides, or (when using 
.sulphide), thiocyanate may be obtained. 

Charpy and Bonnerot {Comptes rend., 1914, clviii., p. 994) 
obtain ferric nitride by heating iron filings in an atmosphere 
of ammonia to 650" to 700 . The nitride when treated with 
hydrogen, preferably at 600", yields ammonia. 

T. B. Allen (U.S. P. 1093819, assigned to The Carbo¬ 
rundum Co.) prepares ferric nitride by heating silicon carbide 
and iron in the presence of substantially pure nitrogen. 

Frank and Finckd (U.S. P. 1101424) prepare nitrogen 
compounds by passing nitrogen at 7(^0' to kxjo over an 
intimate mixture of iron and silicon (or boron) with lime, 
magnesia, or baryta. Oitjing to the presence of'various bases 
the mixture does not.fu.se, and is very active in consequence of 
the large surface. ‘ 

Peacock (U.S. P. 1092167) uses ferric nitride in a circular 
progess. , 

The.Soc. Gen. des Nitrures (B. P. 12841, of 1914) uses 
ferro-aluminium. 

Bv I ’nnflti.i Nitrides., 

Lipski (Z. Elektrochem., 1909, p. 189) has made extensive 
investigations on th^ synthesis of ammonia from the clement.? 
by the mediation of nitrides. 

Mehner (B. P. 12471, 18951 5 - 26.54^ 1897; B. P. 28667, 

i903;^Ger. P. 88900) prepares nitrides bv.tht electric*furnace, 
iiyorder to transform tliem into oxides and ammonia. 

The nitrides of chrotniuvi, niolybdene, and tungsten, which at 
a dark red heat split up ammonia into its elements, ought to 
have also the reverse action, if tb’re is a catalytic action* in 
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question ; but Baur {fieri. Rer., 1901, p. 2385) could not obtain 
any results with them. 

Zinc nitride is prepared by K. Kaiser ‘(Ger. P. appl. 
KtjSdiJ by allowing a dry mixture of hydrogen and nitfogen to 
act u’pog zinc oxide, mixed with catalytically acting substances, 
as palladium-iron, uranium, thorium oxide, etc., at temperatures 
from 400° to 700'; ammonia is obtained from the zinc nitride 
by the action of steam at yxi'. 

Barium nitride is used for the manufacture of ammonia 
hy Dafert and Miklauz (li. P. 16597, of 1914). 

Coutagne (Fr. l’.s. 436710,457992, and 469554; B. F. 12057, 
of 1914) describes electric furnaces for manufacturing nitridc.s 
b)- the action of nitrogen at a high temperature on a mixture of 
oxides and carbon. 

Peacock (U.S. P. 1154S00 and 1154801; Can. P. 163922) 
prepares double nitrides and aluminium - carbonitride from 
atmospheric air. liucher (Can. P. 1636101 describes a furnace 
for this purpose. 

Antinonia /rom Atniosl'lierw Xitroi^cn bv the 1 iiiei eenlton 
0/ L eanides. * 

The fact that nitrogen combines with carbon and alkalis at 
a high temperature has been known for a long time; also that 
in this case cyanides are formed, and that these react with 
water to form ammonia, e.g., .according U) the followini 
equations; 

KCN + 2H,,0 NH, + HC0()K 
KCN0 + 2H.',0 - Nll,,+HKCO,, 

'“(:a(CN)., + 4 lCO I 2iNTl, + Ca(OH), + 2 CO. 

According to Breneman,’ Dawes in 1835 drew attention to th 
presence of potassium cyanide in Uast-furnaccs. After the hoi 
blast had been introSuced, the formation of saline masses wa.s 
observed, containing upwards of 40 per cent, potassium cyanide, 
with some carbiinate. In 1839 Lewis Thompson - obtained 
potassium cyanide by heating coke, potashes, and iron filings in 
the presence of '^ii'tiS a WUght red heat. Fownes and \>oung' 
repeatec? his experinients. Most celebr^ited are the researclms 
of Bunsen and Playfair,-' who removed every aoubt concerniTig 

‘ y. Timer. Chem. Soc., xi.. Nos. i and 2 ; angeiv. Ckem., i 8 yo, p. 173- 

• Dingl. polyt. J., Jxxiii., p. 2ji. ’ J.prakt. Chem., xxvi., p. 407. 

** Rep. Brit. Assvc.f 184^. 
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the formation of cyanides in blast-furnaces, and at the same 
time proposed a method for utilizing this reaction for the actual 
manufacture of^otassium cyanide. In fact a small factory was 
erected "near Paris by Possozand Boissiere to work Ihis'process, 
which was subsequently transferred to Ncwca.stle-on-Typie* but 
thisliad to be given up after great los.scs. Later on ^ramwell 
made some improvements in the process, but hisYactory, also 
near Ncwcastle-on-Tyne, was likewise stopped after losing a 
large amount of money. This lack of success was due to the 
extreme temperature required, causing a large consumption of 
fuel, much loss of potash by volatilization, and extensive repairs 
to the apparatus. 

Newton (B. P. 9985, 1843) proposed using the gases from 
vitriol-chambers for the above process, after purifying them by 
ferrous sulphate. 

The first who utilized this process for the manufacture of 
ammonia was Swindells (B. P., 1 3 th June 1844), by mixing steam 
with the nitrogen acting on red-hot coke. - Further patents were 
taken by Binks, Armengaud, and Ertel {Dingl. /o/jV.cxx., 
pp. 77 and III). 

fir fiiinitiii Cfnnide.—ln i860 Margueritte and Sourdeval 
found {Comptrs rend., 1., p. 1100; B, I‘. 1027, of i860) that 
caustic baryta is much more active towards nitrogen than 
potash, because it is neither fusible nor volatile: the former 
quality prevents the external fusion of the mass, whereby the 
action of the gases on the interior is impeded; the latter 
prevents loss by volatilization—both very awkward drawbacks 
in the case of potash.. Still, the jnanufacture of otimmercial 
cyanides or ferrocyanides by the baryta process would seem to 
be too difficult; but Margueritte and Sourdeval at once aimed 
at forming, the cyanide only as an intermediate product, and 
utilizing it for the formation of ammonia by the aetion of 
steam, thus:— « 

Ba{NC)., + 4PLO - 2NH3 + Ba(OH)_,+2CO. 

« • ' k # . 

They made a mixture of native barjurh carbonate with 
co;l-tar, pitch, and sawdTust, with or without iron filings, which 
was strongly ignited in a fireclay retort till the barium casbonate 
had been converted into a porous mass of barium oxide. 
Through this they passed‘at the .proper te'raperature a slbw 
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current of air, the oxygen of which had been previously con¬ 
verted into carbon monoxide by red-hot coal: thus barium 
cyanide was formed. This was cooled down to^oo ', and steam 
was pasled through. All the nitrogen of the cyanide’is thus 
evolifed^s ammonia, and the barium hydrate remaining behind 
can be used over again. This proce.ss did not pay, owing to 
technical difficulties, and seems to have been given up. 

Moerman-Laubuhr, in 1875, took out a I'r. P. 10S037 {Hull. 
Soc. Cliim., xxvi., p. 46) for the following proce.ss:—Bricks are 
made of pulverized charcoal or coke and alkaline carbonates, 
and are exposed in a small blast-furnace to the action of air, 
previously deprived of oxygen by red-hot coal; the cyanide 
collects in the melted state at the bottom, and is tapped off 
from time to time; whereupon it is converted into ammonia 
by various methods, unnecessary to describe here, as the 
process evidently turned out a complete failure. 

Margueritte and Sourdeval’s process was taken up again by 
L. Mond (B. P. 433, 1882; Ger. P. 21175), who carried it out in 
the following form :—The barium carbonate is powdered and 
incorporated with small coke from pitch gr oil residues, charcoal, 
pitch, tar, paraffin residues, and so forth. In lieu of barium 
carbonate it is possible to employ a solution of barium oxide 
or salts, or of alkaline oxides or salts ; for instance, the solution 
obtained by lixiviating the u.sed *briquetle.s. The mo.st 
advantageous proportions areThirty-twa parts barium 
carbonate, 8 parts charcoal or coke, and 11 parts pitch. 'I he 
addition of alkalis is not of much use. This mixture, i.s formed 
into briquftttes, which it is necessary to heat in a reducing flame 
till the pitch is coked, and the barium carbonate crfnverted 
partially or completely into oxide. The briquettes may 
be broken tip into small lumps, and such lumps may also be 
formed Jay heating the mixture of barium carbonate or carbon 
on the hearth of a reverberatory furnaci!, or in a revolving 
furnace, by meafis of a reducing flame until the mass is 
fritted, when it is dis^haiged and broken up into lumps. 

These lumps a briquettes are charged into kilns arranged 
in the same way as an annular kiln* so that some of tke 
chambers are being heated while others are cooling down or are 
being filled or emptied. A gaseous mixture, as rich as possible 
in ifitrogen, and containing l^ut little’carbonic acid, oxygen, and 



1116 SOURCES FROM WHICH AMMONIA JS'OBTAINED 


aqueous vapour, heated to a temperature of about 1400“ C, is 
passed into the chambers filled with briquettes, until a sufficient 
quantity of cyanogen compounds has been formed. When this 
is the cJ.se, the stream of heated gas is shut off, and col'd gas of 
the same or similar composition conducted into the mgssffintil 
the temperature has fallen to 500 ('. If the aim be to produce 
ammonia, the stream of gas is now suspended and 'the material 
treated with steam ; ammonia is hereby formed, is aspirated off, 
and absorbed or condensed. If, however, the aim be to produce 
cyanogen compijunds, the mixture in the chamber must be 
cooled to at least 500^ C. At this temperature it ma)' then be 
.safely removed, lixiviated with water, and the cyanogen com¬ 
pounds obtained from the solution in the usual manner. In 
order to obtain ammonia, the mass is treated with steam or 
a fine spray of water at a temperature of 300' to 500 '. The 
lumps thus dealt with may repeatedly undergo the same 
treatment, until most of the carbon is consumed. As .sources of 
nitrogen, the gases evolved from the carbonic-acid ab.sorption- 
apparatus of the ammonia-soda process, and the gaseous 
mixture obtained by the combustion of coal or coke with the 
smallest possible quantity of hot air, are the most profitable; 
and the requisite temperature is most readily obtained by means 
of a Siemens recuperator, applying this also to the previous 
heating of the air employed for the combustion. The gases 
leaving the last chan.ber which is being heated at the time must 
be further cooled down by passing them under a boiler or pan, 
or through a washing-apparatus, before they get into the 
chamber where the material is just cooling. After having 
fulfilled' this object, these gases, which contain much carbon 
monoxide, may be burned and used as a source of heat; for 
instance, for heating air, generating .steam, and for other 
purposes. 

For working upon a moderate .scale, the following proce.ss 
and .plant are recommended In a heating-chamber, B (Figs. 
231 and 232), four earthenware retorts (A) are arranged in 
couples. Into this combustion-chambei,.heuting-gasvand air, 
p-eviously heated in a recuperator, enter by the slits c, the 
products of combustion being forced by the wall a to sjirround 
the retorts and thoroughly circulate before passing to the 
recuperator R. The lower parts tH) of the retorts (A)‘are 
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made of iron, and are either surrounded by water or are kept 
constantly spra)'cd by means of the jets <•. The tubes D serve 
to introduce the gases rich in nitrogen into the cooling-chambers 



^ Flv. 232. 


H, and by the tubes d the passage of i-team i,s effected. 
retorts A having been charged with the briquettes, the tempera¬ 
ture is raised to iioo' to 1400'’C., and nitrogen passed in 
through D, traversing the^ mass ir, H and abstracting heat 
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therefrom. From time to time the tap n is closed and portions 
of the product are removed by the door S, new briquettes being 
fed in at N. In order to convert the resulting cyanogen 
compounds into ammonia, the mas.ses taken out of *H at a 
temperature of joo'’ may be treated in a separate apparatus’; or, 
more .simply, the tap n is closed, and through the subjacent 
mass, still at a temperature of 500", steam is passc’d by means 
of the tube d, the ammonia formed issuing at m. When the 
formation of ammonia has ceased, the portion of the retort 
below the lap n is emptied; the tap is opened in order to fill 
that space again, and a fresh charge of briquettes is introduced 
at tlie top of A. In .some cases it will be found advantageous 
to use hot producer-gas instead of a cold gaseous mixture 
containing nitrogen. Since this requires less heat from B, the 
work done by the retorts will be thercljy increased, but the 
cooling-space H will require to be enlarged, since it is only 
cooled from without. But the cooling within the space H may 
also be hastened by passing in cold gases at D, and at the 
same time hot generator-gases at v. In the latter case an 
opening must be provided in the upper part of H just below 
V, by which the greater part of the cooling gases may escape; 
and it is best to provide a tap or .slide between these two parts. 
The gases which leave the retorts A contain pnucli carbon 
monoxide, and may be fililized for heating purposes. 

Mond’s procers, although tried on a somewhat large scale, 
did not come into practical operation. The process requires a 
very large, amount of heat (as much as 97,000 metrical heat 
untLS to I kg. mol. cyanide) to be communicated tbioiigh the 
earthenware sides of a retort, which wastes too much fuel, even 
if retorts similar to those of zinc works arc employed. This 
cannot pay whilst so many other sources of ammonia are 
available; and Mond himself later on turned to preparing 
ammonia in a much cheaper way from the enormous stock 
of nitrogen contained in coal, as we shall see later on. 

Grps, Goissedet, Bouchardy, and ^ossjer (Fr. P. 460684) heat 
balls made of 8 parts barium carbonate, .3 tarbon, and 2 tar, 
Ir 600° in gas-rftorts, tecovering the tar by distillation; then 
place them into an electric furnace heated to 1600°, where 
they are subjected to the action of a gas containing nitrogen, 
e.g., producer-gas or air, whereby .barium cyanide is obtaihed 
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which is decomposed by steam into ammonia, carbon moiloxide, 
and baryta. 

Another development of the same metltod has been 
attempted by L. Q. Brin and A. Brin (B. 1 ’. 3089, of 1883*), com¬ 
bining \yth it the manufacture of barium peroxide, according to 
their B. P. 1416, of 1880 (Gcr. P. 15298). They employ two 
sets of retorts. One of them contains barium oxide, which is 
kept at a temperature of 600", and retains the oxj'gen of the 
air passed in, with formation of barium peroxide. The remain¬ 
ing pure nitrogen i.s pumped over into the second .set of retort.s,' 
which are charged with “ barytic coke,” at a temperature of 
800°. The barytic coke is made from equal parts of barium 
oxide or carbonate and charcoal powder, agglomerated by 
coal-tar. Thus the barium is completely transformed into 
cyanide, which is converted into NH^, CO^,and BaO by passing 
in .steam at a temperature of 300". The second set of retorts 
is heated by means of producer-gas, and the surplus heat of 
the fire-gases serves for heating the first set of retort.s. 

Thorssell (B. P. 11485, 1915) describes .some improvements 
in the production of ammonia from bariujn cyanide. 

J 'iir/tiiis Cyanides. 

Blairs {Dingl. polyt. J., ccxxx., p. 93) employs a cupola 
filled with a mixture of carbon and ^rotash, heated from the 
outside. I'hc cyanides volatilize and are cendqn.sed outside. 

J. Young (B. r. 16046, of 1885) recommends as a suitable 
material for retorts, destined for manufacturing .cyanogen 
compouncte by the above-described processes, non-acid and 
non-metallic substance.s. Compressed coke or plambago 
answers moderately well; but magnesian limestone answers 
best. The -raw limestone is calcined, ground, mixed with tar, 
moulded and reburned, exactly as is done for bricks used in the 
Thomas-Gilchrist dephosphorizing proce.s». [It is more than 
ddubtful whether ^uch retorts would stand the wear and tear 
of the process, and a^“.b^sic” material does not seem to be 
called for.in this capse, as the baryta mixture does not fuse*] 

Another modification of the above pifnciplejs that patented 
by T. 5. Fogarty (B. T. 5361, of 1883). He leads ordinary 
producer-gas, freed from moisture and in a high state of 
incatidescence, dowtiwards tfirough a» tower in which a shower 

4B 
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of intimately mixed and finely comminuted carbon and alkali is 
constantly falling down. At the bottom of the tower is a pit 
containing waftr to catch the falling material, provided with an 
opening for tht e.scape of the gas. A great deal of the'nitrogen 
of the producer-gas is taken up by the carbon and ^Ik^li to 
form alkaline cyanide.s, which are met in their downward course 
by a steam-jet introduced into the lower part of the tower. 
Thus the cyanogen compounds are decomposed, ammonia being 
formed, which is then washed out by scrubbers. The gas left 
after this treatment is next conducted into a retort, where 
ordinary bituminous coal mixed with alkali is undergoing distil¬ 
lation. Here a further combination of nitrogen with carbon 
and alkali takes place, with formation of cyanogen compounds. 
Some of these are decomposed by the aqueous vapour in the 
retorts, but the bulk remains in the coal left behind in the 
retorts. The producer-gas here serves as a diluent or absorbent 
of the rich hydrocarbon vapours which are given off by the coal 
in the early .stage of the distillation, and which would otherwise 
be converted into tar. After leaving the retorts, the gases are 
again scrubbed for ammonia. When the distillation is fini.shed, 
the coke is transferred, with as little exposure to the air as 
possible, into a closed ve.ssel, where a stream of water is allowed 
to play upon it from the top. The steam thus generated 
decomposes the cyanides with evolution of ammonia, which 
passes upwards.through the new cool layers of coke.above, and 
with the ga.ses generated simultaneou-sl)’ is led away and 
recovered bj’ scrubbing. 

' Later on (R. P. 13746, of 1887; U.S. P.s. 4’f7778 and 
615266), P'ogarty modified his proces.s. He passes a mixture 
of air and .steam through red-hot carbon, and thereupon 
through a white-hot retort, filled with.powdered carbon and 
alkali. A feeding-rvorm constantly introduces alkalized carbon 
at the top, which lower down meets with nitrogen and steam. 
The cyanides formed are at once decomposed into NH,, COj, 
CO, and KXO,. A hydraulic main keeps back the fixed 
particles mechanically carried along, after which the gases pass 
through condensers and scrubbers. 

De Lambilly (B. P. 16049, of 1890; Ger. P. 63722) mixes 
equal volumes of air (freed from oxygen by red-hot copper) 
and coal-gas (freed from ■'all hydrogen and most hydrocatbons 
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by the cupric oxide formed as above). The gaseous mixture 
is freed by caustic lime from carbon dioxide and steam, and 
is slowly passed over a mixture of sodium* potassium, or 
barium carbonate with coke and lime (previously heated 
till nocnore CO is e\'olved) at a white heat .and at a plus- 
pressure of, to or 15 cm. mercury. The gases have thus 
time to form cyanides, and onl)- H and CO escape, which 
arc utilized for heating the furnace.s. The process can be 
improved by mixing the mass with oxides, granular iron, nickel, 
or cobalt. The cyanides formed arc mixed with tlie theoreti¬ 
cally necessary quantity of water,and after twcnt\ -foiir or fort)'- 
eight hours the ammonia obtained by the reaction : 

CNK -i jll .o. IIC(K)K + M[ 

is expelled by heating in retorts 

Quite similar are the processes of J. Young (Ik 1 '. 2.PS56, 
1893), Macka)- and Hutcheson (R I’s. 6925 and 13315, iXp-f), 
J, C, Kell (Ik P. 20722, 1S89), and othcr.s. 

Readman (Ik P. 6621,1894) heats a mixture of 1 part carbon 
and 5 parts barium carbonate with air,in an electric furnace. 
T, L. Willson (B. 1 ’. 21997, >> 195 ) pa.sses nitrogen into calcium 
carbide, to produce the reaction : <'aC.,+ .\’., = (‘a '('N).,, where¬ 
upon ammoniji is formed by the action of superheated steam. 
Mehner (Gcr, P. 92810) employs an electric furnace, into which 
carbon and alkali are introduced from the tap. together with 
air. The gases and cyanide vapours arc taken awaj' f|nite hot 
and carried into a cooler, filled with coal or coke, where they 
condense*and are treated with .steam. 

Kreneman {J. Au/i'r. C/tew. Stn., .\i.. Nos. 1 and ?) states 
the following conditions as ino.st suitable for the formation of 
cyanogen from C and W :—A bright red-heat; aksence of oxygen, 
butlittle water(more for ammonia); most intimate mixture of all 
reagents; the presence of a strong base (eveh ammonia may serve 
in some cases), preferably potash, or else baryta. Probably 
ammonia and cyariogcji aniformed at different temperatures and 
degrees «f moisttfre.. "CO and other reducing gases .seem to 
answer the purpose ; 0, CO,j, and execs*of ste*m are certainly 
injurious. S 0 .^and HjS are hardly suitable. Hydrocarbons are 
favourable, and sometimes allow of dispensing with the presence' 
of a base. The influence of pressured is as yet unknow'n. 
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The Badische Anilin- und Sodafabrik (B. P. 22038, 1906; 
U.S. P. 9144C8; P'r. P. 372714) obtains ammonia from the 
cyanides of the*^ alkaline-earth metals by heating with water in 
an autoclave to about 150°. Whilst in the formerly usual process 
of treating with, steam at 300 to 500''there was also a formation 
of carbon monoxide and free nitrogen, the yield of jmmonia by 
the just-mentioned process is nearly quantitative, and barium 
formate is obtained as by-product. The cyanides required, 
especially that of barium, can be prepared in furnaces described 
in their Ger. P. 190955. Barium cyanide, according to their 
Ger. P, 197394, can be also obtained from barium cyanamide 
by treating the latter at temperatures below 1200° with gases 
containing carbon compounds (producer-gas, etc.). 

Their Ger. P. 235662 (P'r. P. 387001) describes the production 
of alkali or alkaline-earth cyanides or cyanamides by heating 
compounds of nitrogen and silicon or aluminium {e.g. the 
nitrides) with alkali or alkalinc-earth oxides or salts, with or 
without a flu.x. To avoid loss of nitrogen, the temperature 
should not be raksed higher than is necessary to produce a 
homogeneous melt • 

Burkheiser (Ger. P. 256S93) converts the cyanides in coal- 
ga.ses first into sulphocyanidcs and then converts these into 
ammonia. 

Haakh (Ger. P. 281044) prepares ammonia, together with 
formates, by heating 135 parts potassium ferrocyanide with 
260 parts water in a high-pressure vessel to about 200'’. Or else 
spent gas-purifying mass, mixed with excess of lime, is treated 
with .steam of 200° to 250", untiUno mure ammonia escapes, 
and calcium formate is obtained by lixiviating the residue. 

Bucher’s processes for the preparation of sodium cyanide 
and ammonia have been mentioned supra, p. 1089. 

Peacock (U.S. P. 1035727, a.ssigned to the du "Punt de 
Nemours Powder Co.) produces a compound of the formula 
AljCgNj, by mixing finely divided alumina with carbon, in excess 
of that required to produce the nitride, and subjecting the 
mixture to the temperature necessary tb ‘pr*oduce thi cyanide, 
Jinder a pressuVe of less than 500 mm. of mercury. U.S. Ps. 
1031581 and 1031582 refer to the same process. 

The Chem. Fabr. von Heydeii A. G. (B. P. 5051, of IJI3; 
Fr. P. 457735) make alkali cyanides by treating cyanamide 
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or its polymerides with alkali metals or their/alldys and 
carbonaceous materials. 

Lance and Elworthy (B. B. 4409, 1906; T'r. P. 355504) 
describe the manufacture of ammonium cyanide, an*! aftcr- 
warcfs ijf other nitrogenous compounds, by passing a mixture 
of methane, nitrogen, and hydrogen over heated pumice or 
metallic nickel. 

Borchers and Beck (Gcr. P. 196323) describe an electrolytic 
process for the preparation of nitrides from metallic oxides 
or salts by means of atmospheric nitrogen. 

Ashcroft (B. P. 16765, of 1910; U.S. P. 104566) produces 
alkali cyanamides by heating alkali amides with a stable form 
of cyanamide or any of its polymerides (dicyandiamide or 
tricyantriamide), the temperature being increased gradually to 
600“. The reaction is : 

4NaNII, + {CN,H.), - 2Na,(;N, + 4NMl,,. 

The ammonia is collected and used for producing a further 
quantity of alkali amide (Fr. P. 421851). By adiiing carbon to 
the mixture and heating to 750' to 859", or by heating the 
alkali cyanamide with carbon, alkali cyanides arc [iroduccd. 
His B. P. 10420, of 191*4, gives further details on this process. 

Further patents concerning the production of ammonia 
from cyanides have been taken by : 

Devaucellcs (F'r. P. 429140). 

Sulzer-Rieter (Ger. P. 243797 ; Fr. r. 43<''905j. 

F'. Hauff (Ger. P. 232878; he works with hydrogen cyanide). 

Heys^for Nitrogen Co., Ossining, B. P. 24413, 1910). 

Burgeoin (Fr. P. 440331). 

South Metropolitan Gas Co. and Evans (B. P. 29047, of 1913 ; 
Evans, U.S. P. 11483 ^ 8 ). 

Lamb (U.S. P. 1123763). 

P. E. Williams (B. P. 2841, of 1914). 

German patenfs of Gilmour (iN'o. 73816), Alder (Nos. 12351, 
>8915, 27334), NithacJ; (I;Jo. 95532), Caro and Frank (Nos. 

92*87); U.'S. Xk «f Dankworth (No. 569325). * 

Calcium Carbide and Cyanamide {Lime- Piitrogen) 

Historical Notes [Chem. Ind., 1915,9. 306).—This substance 
whicli has now acquired such importance in the industry 
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of ammonfii was discovered accidentally in the pursuance of 
attempts, made by the Cyanid-Gesellschaft, founded by Messrs 
Siemens & Halskc, at manufacturing potassium cyanide from 
barium 'carbide, according to a process taken over from the 
Deutsch Gold-^und Silber-Scheideanstalt at Frankforh This 
process was not technically successful, but in working at 
it h'. Rothe discovered that alongside of the cyanides also 
ammonia-like cyanamides were formed; and H. Freudenberg 
found that also calcium carbide takes up nitrogen, forming not 
those poisonous cyanides, but cyanamide. At his suggestion 
Wagner, of Darmstadt, and Gerlach, of Ilromberg, made the 
first experiments at employing the “ lime-nitrogen ” as a 
fertilizer. But as the agriculturists are accustomed to employ 
for that purpose ammonium sulphate, Erlwein, of the firm 
Siemens & Ilalske, propo.sed to transform the amide-nitrogen 
in a cheap way into ammonia. The question was now to work 
out the manufacture of lime-nitrogen as a technical process to 
be carried out on a large scale. The principal merit in that 
direction (apart from the great merits of .A. Frank and N. Caro, 
see pp. 1127 cl srq) is due to Dr Voigt, of the firm Siemens & 
Halske, who con.structed during the years 1902 In 1904 furnaces 
for that purpose at Martinikenfclde,near Berlin. The first large 
factory was built in 1905 at Piano d'Orta itj Italy, where 
nitrogen was prepared by fractionating licjuefied air. The 
electric inside heating, now usually employed, was also introduced 
by Voigt in 1906 at an experimental factory at Siemenstadt, 
near Berlin. These electric nitrogen furnaces were afterwards 
installed at Notre Dame de Byancon (France), Martigny 
(Switzerland), Odda (Norway), Niagara Falls, Osaka (Japan), 
and Trostberg (Bavaria); and new factories are to be built at 
Bitterfeld and at Kiinigshiitte (Germany), to work with 60,000 
and 30,000 kilowatt respectively. 

The American Cyanamide Company commenced the 
manufacture of lime-nitrogen at Niagara Falls in 1910, with an 
annual production of 12,000 ton.s. TJhis it'as increased to 32,000 
tons in 191 i,and to 64,000 tons in 1912. 5 iljce the end of 1914 
.-.that firm also supplies argon, obtained as a by-product, in 
technical quantities; itisemployed for half-Watt-Wolfram lamps. 

The history'of lime-nitrogen is discussed by Frank and Caro 
in Chem. Jnd., 1915, p. 445, and Arndt, p. 446. 
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According to A. Frank {Z. f. komp. u. vcrjl. GAse, 'xvi,, p. 
67), in the year 1914 32 million cbm. of pure mtrogen wa.s 
produced for the manufacture of lime-nitrogen bj' fractionating 
liquefiecf air, but there i.s at present no market for the p’million 
cbm. of^mre oxygen produced at the same time. 

We shalUn the fir.st instance mention the laboratory invc.sti- 
gations made upon this subject, and then describe the technical 
processe.s proposed and partially carried out on a large scale 
for this object. We include in this enumeration also the work 
referring to the use of otiier base.s, a.s barium or lithium oxide, 
for the same purpose. 

Scientific hboratory investigations on the fixation of nitrogen 
by the carbides of alkaline-earth metals have been made 
by Moissan {Coinptes rend., 1894, pp. 503 and O85); Bredig 
{Z. Elektrocliem., 1907, Ixix., p. 605); Forster and Jacoby [ibid,, 
p. loi); Rudolfi [Z. at/arg. Chein., 1907, p. 170); Kuhling and 
Kerkold [Bcr., 1908, p. 28; Z.angew. C/iem., 1901;, p. 193); Lipski 
[Z. lilcktrochein., 1909, p. 189); Pollacci [ibid., 1908, p, 565). 

We here give a short abstract of the results. 

Calcium or barium carbide in the picje .state are very little 
acted upon by nitrogen ; up to 1200' C., they fix little or nothing 
of it. But the impure' technical products do .so at very much 
lower temper^ture.s, so that some of the foreign substances 
pre.sent (chlorides, oxides of various mttals, etc.) must exercise a 
sort of contact action, which is distinedy evident from Frank and 
Caro’s technical results (pp 1129 ct seqi). Barium chloride alone 
seems to influence neither the temperature at which the reaction 
begins nor the total amounj of nitrogen fixed, but it seem^to 
favour the formation of cyanide at the expense of cy:»namide. 
But the oxides have a very strong action, although it is not 
yet known which of them are most efficient. They cause the 
absorption of nitrogen to begin already at 500" or 600° C., and 
the amount fixed at higher temperature? to be much greater 
than otherwise, tire maximum being reached at 920" to 930'" C. 

If barium chlorid.e, say 10^0 30 per cent, of it, is present at the 
same time as th^ oxides, etc., the rate of absorption increases 
further till the temperature of 1120" t 9 1130!; is reached, aiC 
the yield is also decidedly increased thereby. 

Rolla [Ann, Chim. anal., 1914. ii., p. 301; /. Soc. Chevt. Ind., 
^9 *5i p. 27) investigated the composition of the gases given off 
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in passing over a mixture of barium oxide and carbon heated 
to above looo”, to produce barium cyanide and cyanamide. To 
ascertain the diaracter of the combustible gases produced in 
the second stage of the process, pure barium cyanide was 
heated in nitrogen to various temperatures betwet n “ioo° 
and 500”, then treated with steam, and the products 
analysed. They contained per gram of N H,, produced from 165 
to 459 c.c. CO, 399 to 1118 C.C. 112,211 to 401 c.c. CH„ and 
59 to 94 c.c. CO.,. Gas of the maximum calorific value is 
obtained between 300° and 400’. Probably barium formate is 
formed as intermediate product, and is decomposed in various 
ways according to the conditions. 

Tucker and Moody (_/. Amcr. Chem. Sue., xxxiii., p. 1478) in¬ 
vestigated the action of lithium carbide as absorber of nitrogen. 
Tucker and Wang ( 7 ?w/.f. Sth Cong. AppL Cluiu., xa., p. 121) 
that of strontium carbide. 

Carlson [Z.angnv. Chem., 1914, iii., p. 724; extract,/. Soc. 
Chem. Ind., 1915, p. 351) describes the products obtained by 
heating crude calcium cyanamide at moderate temperatures, viz., 
dicyanodiamidc, dicyanodiamidine, guanidine. 

A study of the fixation of nitrogen by calcium carbide has 
been made by Pollacci (if. Elcktrocheiu., 1908, p. 565). 11 c 
finds that potassium carbonate exerts a catalytic action on 
the absorption of nitrogen by calcium carbide, lowering the 
temperature required. The best results arc obtained with an 
addition of 4 per cent., and by working at a pressure of 2 
atmospheres, at 900" to 950", when after one hour 23-0 per cent, 
of N was found to be converted intq.calciiim carbide. ‘ 

Accarding to N. Caro {Joe. cit., p. 1128), technical calcium 
carbide, obtained by fusing lime and coal together in the electric- 
light arc, contains, besides the carbide, lime, sulphides, phos¬ 
phates, carbon, carbides undecomposable by water, etc., which 
have a strong influence on the absorption of nitrogen, on the time 
it is going on, and on the temperature required. Carbides of the 
same chemical composition, if produced iii furnaces of different 
construction, behave differently in consequence of theirrdifferent 
physical properties: and so does even the same carbide, 
according to whether it is employed straight from the .furnace, 
or after being kept in stock for some time. These differences 
explain why some chemists have obtained favourable results 
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by making various additions, chlorides; but iny^orking on 
a large scale these additions arc unnecessary, the reaction being 
sufficiently regulated by a suitable comminution of the sub¬ 


stance. 

Th* essential constituent of lime-nitrogam is enkimn 
cyanamidc, CaCN.>, which in some reactions acts as if its formula 
were Ca-- -J?—C’h.-N, in others as 


■,Ns 


N" 


that is in the first case as the calcium salt of cyanamidc in 
the second case as the calcium salt of the diimide. According 
to Lohnes, the ])henomena occurring by the action of bacteria 
on lime-nitrogen point at the diimide formula, since both 
atoms of nitrogen are affected contemporaneously and in 
the same way. Technical lime-nitrogen contains also other 
nitrogen compounds; urea, calcium carbaminate, guanidine, 
etc., not much of them in the fresh state, but more so after 
being kc])t for some time, or after the action of steam. 

Manufnclnre of Pure Cflldum Curlnde.—hzcoxdm^ to l)e 
Kay-Thompson, Gonealez, and Blake {Met. and Chem. hug., 
1914, p. 779), the preparation of pure calcium carbide froin 
calcium filings and purest carbon cftuld not be effected ; no 
more that from calciutn hydride ard carbon, nor by the action 
of acetylene on calcium or calcium hydride. .Satisfactory results 
were only obtained by passing acetylene into a solution of 
calcium.in liquid ammonia, a process already em’ployed_^by 
Moissan. “ .. 


' Tcchnicai Processes for the Prcpoeralion of Colciiim i arbidc 
and CyaiKVuide {Liuie-Nttrogat). 

Most important work in this field has been done by 1 rofessor 
Frank and Dr Nikodem Caro, who act on the principle that 
carbides of sodium, caJciurjj, baryum, etc., are formed in the first 
in.stanca; and ths.se, are only subsequently transformed into 
cyanideshy the influence of nitrogen umWr special circumstance's,^ 
Berthelot already in 1869 [Coinptes reiuL^ Ixvii., p. 141) a 
assumed this to be the case, and had also shown that under 
thS influence of th£ electric ire acetylene combines with nitrogen 
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to form potfesium cyanide. At that time nothing could come 
out of this, as there were no technical methods known for 
producing the earbides. Only since Moissan’s clas.sical work 
in this field had been done, and since Willson after the erection 
of the first calcium carbide factory at Spray (North Ca^olfna), 
in 1895, had demonstrated the possibility of producing these 
compounds in a cheap way, it became possible to transfer 
Berthclot’s work to the sphere of industrial chemistry. 

The fundamental work in this direction has been done by 
Frank and N. Caro in the years 1895-1902. On this Caro has 
reported at length in a lecture reprinted in 7 .. angcd!. Chem., 
1906, pp. 1569 et seq.; and Frank, in /. Soc Chcm. hid., 1908, 
pp. 1093 tt seq. 

The following is a li.st of the patents of Frank and Caro, 
mostly taken out in their own names, but partly in that of the 
Cyanid-Gesellschaft, Berlin (in which the world-renowned firm 
of Siemens & Halskc plays a prominent part), which has taken 
them over, and in that of patent agents:— 

Ger. P. S8363, of 1S95, preparation of cyanides from carbides. 

„ 92587, of 1895 (the same—addition to the former). 

„ 95660, of 1896 

B. P. 15066, of 1895 (the same). 

Fr. P. 249539, of 1895 

Ger. P. 108971, of 1898, preparation of cyanamide salts. 

„ 116087,, of‘1898 „ cyanides. 

„ 116088, of 189S „ 

Fr. P. 289828, of 1898 „ nitrogen compounds, 

•fi. P. 25475, of 1898 

Ger. <P. 134289, of 1900 „ ammonia from cyana- 

mides. 

„ 152260, of 1901, artificial nitrogenous fertilizers. 

„ 157503, of 1902 

Fr. P. 319897, of *1902 
B. P. 15976,011902 

17507,011902 ^ ^ 

Ger. P. 150878, of igo2, calcium cyanaraifdii (Stomps,). 

Fr. P. 328031,011902 

B. P. 16298, of 1902 „ 

Fr, P. 382743, of 1907, nitrogen compounds from carbides; 
and two additions. *' 
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B. P. 21786, of 1906 (by Frank and Voigt). 

B. P. S 3 i 4 i of 190/1 nitrogen compound.s f/^m carbides 
(Bloxam). 

rtor.'p, 203308, nitrogen compounds of alkaline earths from 
carbides. 

„ 204882, pure nitrogen from combustion gases. 

„ *212796 and 272638. 

U.S. P. 1006927. 

The history of the formation of cyanogen compounds from 
free nitrogen, which goes back to the year 1813, has been 
described in detail by N. Caro (C/rfw./W., 1895, p. 287, and 
Z. angew. Chnu., 1906, p. 1569); Frank (/. Soc. Chan, hid., itjoS, 
p. 1093) i (“ Stick.stofffrage in Deutschland," 1908), and 
by the same in a lecture given at the International Congress 
for Applied Chemistry in London, in 1909 (printed in Z.ungtio. 
Chan., 1909, pp. 1178 et si'f.). 

We now give a short outline of Frank and Caros principal 
results, going into more details upon their later patents. 
Calcium (or barium) carbide is treated at red-heat with atmos¬ 
pheric nitrogen, c.g., such as is obtained^by passing air through 
red-hot copper, contained in outwardly heated retorts, which 
fixes the oxygen and allow.s the nitrogen to e.scape. Of course 
the nitrogen may be obtained by any other means, t-g., the 
Linde process, consisting in the fractional distillation of liquid 
air. This nitrogen is passed through a retort, containing the 
carbide; as the reaction is exothermic, the retort requires onl) 
at first heating from the outside ; later on, the proce.ss of fixing 
the nitrhgen goes on by itself, until all the carbifle ha.s b&en 
consumed. The reaction consists in the formation oLcalcium 
(or barium) cyanamide and cyanide. Possibly the latter is 
formed in flte first instance: 

(:aC_ + N, - CaCA'., 

« 

and is later on ccinverted into cyanamide; 

CaC,N,-rN -CaCN.-r CM. 

When working wkhxalcium carbide, at the proper temperature 
(which is 700° to 800° for barium carbftie, and lOOO to iioo, 
for calcium carbide), only traces of cyanide are left. The 
product obtained, consisting essentially of cyanamide, mixed 
with carbon (graphite), has been cailed “ Kalkstickstoff (lime- * 
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nitrogen); ,jt contains 20 to 24 per cent, nitrogen, and may 
be used dircvtly as a fertilizer, in competition with nitre or 
^ammonium sulphate. But it may also be employed for the 
production of ammonia, by being spread on traj’s and subjected 
to the action of superheated steam : 

C.'iCN_. + 3H.,0 = CaCOj + zNHj. 

In lieu of the carbides, the substances giving ri.se to their 
formation may be employed at the same temperatures. In 
this ca.se mixtures of the oxides and carbonates with carbon 
are employed, and the reaction is: 

C;.C 0 ., + 3C + N, CaN„(: + 3C(). 

Some very essential points must be l;ept in view in this 
process. The reaction is reversible at temperatures above 
those just named; 

CaC; i N, CaCN, + C. 

According to Caro (loc n 7 .) the reversion takes place at 
1360', if carbide obtained in a blast-furnace, containing 82-3 
per cent. CaC., is empbyed. Larger quantities of lime lower 
the temperature of reversion. On that account, the carbide 
cannot be directly azotized, when it comes out of the electric 
furnace, but must be allowed to cool down; and as it is not 
permeable for the nitrogen in that state, it mu.st be reduced to 
powder. The he,at produced by the absorption of nitrogen by 
the carbide may also raise the temperature to the critical 
point; this must be prevented by constant agitation, and by 
employing mixtures with high speci^c heat. The best plan is 
putting 'the comminuted carbide into a heat-insulated vessel 
heated from within by an electrically heated carbon rod, and 
passing in nitrogen. After some time cthe electric heating 
may be interrupted; the reaction then goes to the end by 
itself The total energy required for preparing the carbide, 
azotizing, machine-work, grinding the carbide and the lime- 
nitrogen, moving the air and liquefyjng j*- by Linde’s process, 
amounts to less than 3 h.p. years per tcm..ofsnitrogen»fixed in 
the shape of lim& nitrogen. 

The same subject is treated in the Fr. P. 382743, 1907, of 
the Berliner Cyanid-Gesellschaft, and in the B. P. 21786, 1906, 
of A. Frank and M, Voigt. ,, 
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The Badische Anilin- und Sodafabrik in their Gs/. P. 235662 
describes the preparation of alkali or alkaline-ear^/cyanides or 
cyananaides by heating compounds of silicon-'or aluminium 
{e.g. the nitrides) with alkali, or alkaline-earth oxides or salts, 
but Rot* higher than is necessary to produce a homogeneous 
melt. The^U.S. P. 1022351 (of Bosch and MiUasch) de.scribes 
the same process. 


Schick and .Aktien-Gesellschaft fiir Stickstoffdunger (Ger. 
Ps. 260469 and 450435; P'r. P. 430060; U.S. P. lOoSyey) 
manufacture calcium cyanamide by adding halogen .salts (which 
need not be absolutely dry), little by little, to molten calcium 
carbide, as it leaves the furnace in which it is produced; the 
solidified material, whilst .still red hot, is treated with nitrogen. 

F. Bayer & Co. (B. P. 2311, of H)I2) obtain cxaiiamidc 
from the crude cyanamide in the form of an insoluble lead 


compound, which is then dccompo.scd by dilute sulphuric or 
hydrochloric acid ; the cyanamide is i.solated by filtration and 
evaporation nt vacuo. P-.g., too kg. of crude calcium cyanamide 
are added to 450 kg. of 20 per cent, sulphuric acid mixed with 


300 kg. ice ; the filtered liquid, if alkalisc, is rendered slightly 
acid, again filtered and mixed with 100 litre.s of 20 per cent, 
ammonia solution and 180 kg. of lead chloride (in a(pieous 
paste); the lead cyanamide is again filtered off. The U.S. P. 
(by Kngclmann and Merkel) is 110289'^ 

Weaver (U.S. P. 1093749) describes ku iqiparatus for the 


production of cyanamide.s, consisting of a chamber containing 
inclined grate-bars which can be constantly agitated, and an 
adjacent' heating-plate witli embedded gas-heating pipe; die 
plate is heated by a burner beneath. Calcium carbidt is fed 
continuously over the plate and bars, and nitrogen is forced 
upwards through the (perforated) bans. The embedded gas- 
heating'pipe may receive nitrogen from an external source or 
gas from the heating 2one for recirculation*. 

Lidholm and the Dettifoss Power Co. (B. Ps. 18207, of 1911 ; 


28629 and 28574,^ ef 1913; Canad. P.s. 164510, 1Q4647; 
Fr, P, 465379) prodiJce calcium cyanamide by introducing 
calcium carbide continuously into a Aighly" heated furnace, 
supplied with nitrogen. The block of cyanamide when 
formed is immediately removed into a ves.sel with perforated 
sides, resting oh the furnace ibottom. The latter is 
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removableynd quickly replaceable by another furnace bottom, 
carrying ain empty collector, so that no heat is lost when 
changing collators. Other patents of theirs (B. Bs. ^545 and 
3546, of 1914; Fr. P. 465473; Ger. P. 274472) describe a 
rotary furnace _for the same purpose, containing injestors for 
producing a circulation of the nitrogen and working under 
pressure. Their U.S. P.s. arc 1004509 and 1009705, Another 
process of the same inventors (U.S. P, 1125350; Fr. Ps. 469045 
and 469046; B, P. 3545, of 1914) brings nitrogen under pressure 
into contact with heated calcium carbide, mixed with sand, to 
prevent fusion at .a tcm|jeraturc. at which the reaction is 
instantaneous. The product is suddenly chilled below its 
dissociation temperature. Lidholm’s Ger. P. 277525 prc.scribes 
preparing ammonia from lime-nitrogen by the action of alkali 
hydrates or carbonatc.s. Their B. P, 3547, of 1914, describes 
the instantaneous production of calcium cyanamide b)' heating 
CaC., and N separately or simultaneou.sly much above the 
reaction temperature. The finely powdered carbide is sifted 
into nitrogen, pas.sed through a tube, highly heated by the 
electric current through ring contacts, through charcoal between 
an outer .shell and the central tube. 

C. White (B. P. 17933, 1913) makes cyanides and cyanamide 
by heating a mixture of 14 parts calcium carbidp and 20 parts 
sodium chloride to 750' to 900', and passing nitrogen for 
twelve to twenly-fttur hours at a pressure of 10 lb. above 
atmospheric pre.ssure over it. 

Peacock (U.S. P. 1129514, assigned to the International Agri- 
ciritural Corporation) heats phospha/e rock with carbon to 1500’, 
reraoveSi the resulting phosphorus and carbonitride vapours 
under diminished pressure, and separates them by oxidizing 
the former and passing into' water. The Karbonitride is decom¬ 
posed to ammonia by heating the solution to 200~. His U.S. P. 
1129505 extends this proce.ss to orthoclas and similar silicates, 

Rredig and Fraenkel (Fr. P. 382188) 'prepare cyanides, 
cyanamides, and nitrides by heating calcium carbide with 
nitrogen under pressure, preferably rrfixed with a‘catalytic 
substance, such us certain salts or carbon powder. 

A French patent (382743, of 1907) has been obtained by 
the Cyanid-Gesellschaft for the manufacture of nitrogen com¬ 
pounds by means of carbWes. Wfccn the carbide of a metal. 
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belonging to the group of alkalis or alkalin^ earths, is 
treated in a current of nitrogen at one point, thjf reaction will 
propagate itself throughout the mass, if the i^essary initial 
temperature is reached. The preliniinarr’ heating 1 na\' be 
broifgl'tf about electrically, or by passing heated nitrogen 
over the carbide, which itself may be heated moderately, or by 
the addition of another comstituent to the nitrogen or the car¬ 
bide oxygen or aluminium powder), which shall, b\- reaction 
with some .substance present, liberate the necessary heat. 

The Ger. P. 203308 of the Cyanid-Gesellschaft, Berlin, attains 
the same purpose by adding salts ofeyanamide to the carbide, c 
calcium cyanamide. This avoids the addition of alkaline o.xides, 
carbonates, dioxides, fluorides, etc., and produces an article of 
high percentage, and well adapter! for manurial purpose.^. 

To this patent additions have been made, dated 11 ih and 12th 
October 1907 (1) The nitrogen is made to pass over the ma.ss 

in a direction oppo.site to that in which the reaction is being pro¬ 
pagated. This prevents local fusion. To avoid an aggregation 
of the particles, indifferent substances, such as carbon, woodi 
crude calcium cj’anaraide, etc., may be added, (j) For the 
purpose of starting the reaction by means of electrical heating, 
vertical cavities are con.structed in the mass, formed of some 
conducting material which is de.stroyed :es the temperature rises 
and the cohesion of the ma.s.s incre. 1 .sc.s. The clcctro-hcatcrs 
are thus introduced without coming into actual contact with 
the material. The carbide is surrounded by a layer of some 
porous substance, not affected by nitrogen, c". .s;iik1, which 
protects*the walls of the cqptaining-vesscl and ensures a mtire 
uniform distribution of the gas. * 

Bazzano e Zanardo (Fr. P. 45682O) mixes the calcium 
carbide, before treating it with nitrogen, with so much calcium 
cyanan>ide that a friable, instead of a compact, product is 
obtained, and fully utilizes the heat of' reaction in heating 
successive charges. 

Fujiyama (B,. P.«9250, of 1914; U-S- P. 1126000;^Fr. P. 
47>377)*burns pftfvscfized carbides in a closed chamber and 
introduces nitrogen to combine with 'the barning substance, 
more n»ateria! being added to keep the product covered with 
a layer of carbide. Decomposition is prevented by cooling the 
chamber. 
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Peacoctv_(U.S. Ps. 1129512 and 1129513) describes an electric 
resistance fulaiace for the manufacture of nitrogen compounds, 
consisting of a vertical rectangular shaft with two horizontal 
electrodes placed opposite one another. The charge is supplied 
from above, and the .solid product removed from belc^w oy a 
conveyor. Nitrogen is introduced by two opposite valved pipes 
below the electrode.s, and the gaseous products are rentoved 
by similar pipes above. The supply of material and of nitrogen 
and the removal of the gaseous products and the .solid residue 
are continuous. The temperature of the reaction zone between 
.the electrodes is regulated by the pro|K)rtion of carbon in the 
mixture, the rate of passage through tlic zone, and the 
amperage of the current sup]jlied. 

The Ger. Ps. 2S2213 and 285699 of Kraus.s, Stahelin, and 
the Akt. Ges. f. Stickstoirdimger claim a process for the 
uninterrupted production of nitrogen compounds from metallic 
carbides and nitrogen by carrying the carbide mechanically by 
mean.s of an endless belt, a .set of cars, or the like, through a 
canal furnace, con.sisting of a preheating-, reacting-, and cooling- 
space, through which a regulated current of cold nitrogen gas 
is conducted in the opposite direction. Or else the metallic 
carbide is placed on shelves in the compartments of an annular 
furnace, provided with a heating arrangement capable of 
regulation, in which a heated current of nitrogen can be passed 
from one chamber to another, or else cold nitrogen into every 
chamber. The utilization of nitrogen is so considerable that, 
when the .suitable temperature has been reached, the supply of 
heat from without can be almost entirely suppre.sscd.^ At the 
same time stoppages in the machinery and injurious over-heating 
of the nitrogen compounds arc avoided. The Fr. P. is 464750. 

The Bosnische Eiektrizitats Akt Ges. at Vienna in their 
Ger. P. 283276 describe special forms of furnaces for preparing 
calcium carbide, 

Krauss (Ger. P. 267595) separates calcium cyanamidc from 
the impure solution by means of carrion tiioxide. 

F. W, Mahon (Fr. P. 456765) purifies cjimmerciaJ calcium 
cyanamide from.earbioc and lime by treating it with cold water, 
granulating, sifting, and drying. The reactions with water are: 
CaC+zH./) = Ca(OH).. + C„H„ 

Ca()‘ -h H ,;0 = Ca(OH)2. " 
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According to Chem. Zeit., 1915, p. 320, the A(tiesclskal) 
North-Western Cj'anamide Co., at Odda in Norway has reccntl^' 
succeeded in preparing from the crude cyanamicre a granulated 
product‘with 16 per cent, nitrogen, which is better ada'pted to 
agricTiltiiral purposes than the somewhat dusty product formerly 
made, for it contains the lime in the .shape of hydrate and there¬ 
fore causes Iio caustic action on germinating plants. The dry 
grains of the new prijcluct are easier to manipulate than the 
oily powder. The nitrogen seems to be present in it in a more 
active form than in ordinary lime-nitrogen. A granulating 
works for daily producing 350 tons of the new product has been 
just started. 

The Nitrogen Company, O.ssining, New York (Ger, 
2706C2), produces alkaline cyanides and cyanamides incontinuous 
work by the employment of a reacting-metal, ck-ctrolylicall)' 
produced, and substances furnishing carbon and nitrogen. 

Ungnade and Nrjite (Ger. P. 268882) obtain a fertilizer 
containing nitrogen and phosphoric acid in a form soluble in 
water, by treating lime-nitrogen with a mixture of phosphoric 
and sulphuric acid.s. , 

Peacock (U.S. P.s. 112950710 i 129519,3116 1 129721) dc.scribes 
the production of the carbonitrides of silicon, boron, aluminium, 
potassium, calcium, and electric furnaces suitable for that object. 

Uecket (U.S. P. 1137567) makes calJium carbide by mixing 
lime with a combining proportion of coking .coal containing 
sufficient bituminous material to form a mechanically strong 
sggffcgate, suitable for furnacing, coking the mixture in a 
by-prodnJt oven, and recovering ammonia and other volatilizdfl 
products, and then embedding electrodes in the charge and 
smelting to form carbide. 

Washburn {Met. and Chem. A'//!,*, Ma\- 1915; Chem. Trade 
/•I * 9 *SiPP' 57i *27) describes in detail the cyanamidc process 
as carried out in North America, where the Aliierican Cyanamide 
Co. alone produce? cyanamide of the value of .Si5,000,000, 80 
per cent, of which is said fo)^ fertilizing proce.sses. 

W. S.« Landis and Chem. Eug., 1915, xiii., pp. 213- 
220) gives a description of the cyamfhiidc "process of the 
American Cyanamide Co. at Niagara I'alls, High-grade 
materials are necessary for successful operation; the nitrogen 
empPoyed is obtained from'liquid a^. The calcium carbide, 

• “* A !' 

4 ^ 
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crushed to pass a loo-mesh sieve, is treated in small ovens 
(J to 2i totf! capacity), special precautions being necessary to 
avoid a reversal of the reaction. The product from the ovens 
(“ lime-nitrogen ”), containing about 22 per cent. N and i per 
cent, carbide, is finely ground (great care being req.iired to 
avoid explosions) and stored in silos. I'or agricultural purposes 
it is partly lydratcd to decompose the contained carbide, and 
then “oiled” to render it du.stless for storage. This partial 
hydration requires special attention since, particularly at 
temperature,-, above normal, calcium cyanamidc tends to 
become transformed (by the action of water) into a variety 
of organic compounds of inferior manurial value. Calcium 
cyanamide is also employed for the manufacture of ammonia, 
by subjecting a mixture of it with water to the action of heat 
and high pressure; for ca.se-hardening iron and steel, and for 
the production of crude sodium cyanide for metallurgical 
purposes by milting with sodium chloride.—A process is now 
being developed for converting the ammonia obtained from 
calcium cyanamide into a fertilizer consisting largely of 
ammonium phosphate. This product, “aramophos,” contains 
over 13 per cent. NH^ and 45 to 50 per cent. P^O;,, and when 
mixcil w'ith high-grade pota.sh salts will make a complete 
fertilizer about six times as much concentrated,as the average 
grades now available. ^Thc world’s production of cyanamide 
(from fourteen factories) during 1914 was about 300,000 tons, 
the present annual output of the Niagara Falls plant being 
64,000 tons. 

" The American Cyanamide Co prepare their nitrogen by 
removhig the oxygen from air by means of red-hot copper 
sponge, and reducing the copper again by illuminating-gas. 
Their factory is de.scribed in Met. and Ckem. Eng., xii., pp. 
265 et seq. The gas-works produces about 50,000 cbm. gas in 
twenty-four hours; the coke obtained thereby serves for the 
production of calcium carbide. 

The North-Western Cyanamide Co. prepares from the dusty 
crude cyanamide up to 350 tons per daj> of'a granular product, 
containing 16 per cent, N, and the lime in the form of hydrate, 
which does not act destructively on the germinating j^ants. 

H. W. Lamb (U.S. P. 1123^63) employs non-saturated 
metallic carbides, such a-r ferric, carbide, barium carbide, etc., 
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• for binding atmospheric nitrogen, according to the equation: 

C N C N 

Fe : ‘ -- Fe, |. 

N ■'€ N 

He describes a furnace for preparing ferric carSidc fioni ferric 
oxide and coke, coal, or pitch. The absorption of nitrogen by 
the carbide is but slow at 1150', but quickly increa.scs-at 
higher temperatures, and is very strong at 1850". The nitrogen 
is prepared by passing air over red-hot coke and removing the 
CO., by lime water. 

) S. Peacock (U.S. P. 11235S4) roasts sulphur or sulphur ores 
in such a way that all the oxygen of the air is combined with 
S to SO,, or SOy The roasting-gascs, containing about 80 
per cent. N and 20 per cent, sulphur oxide.s, are jjassed over 
red-hot coal at about 800 , whereby compounds are formed 
which, on being decomposed by water or .steam, yield NH.,, 
or when employing dilute sulphuric acid, ammonium sulphate, 
together wdth CO and SO... 

Sinclair (R R 15713, 1913; 9821. J914; Fr. I^ 474882) 
describes a process and apparatus for obtaining granulated 
calcium carbide. 

fCiW oj Cnlciunt Cynnaiiiiile 

Ihis product is largely used directly a.s a 

The use of calcium cyanamidc as a raanurial agent is 
described in AVf./;«/. 1911, pp. 44 and 122. Accordiiig 

to Lumina (.//// R. .UauU Ltnai, xxiii, pp. 2, 6;o), it is in 
that respect superior to ammonium sulphate and nitrate. 

The Prussian Minister of Staty for .Agriculture, etc., ha.s 
issued a prize competftioii, dated i.st .April 1915, for investiga¬ 
tions on Ahe action of lime-nitrogen as fertilizer under various 
conditions, and foi^ removing the trouble caused in its practical 
application by the deleterious dust created thereby. 

• 

Production of l'\ mmouia from Cali^iiin Lfamimide. 

Limc;-nitrogen is not merely employed as it is for agricultural 
purposes, but also for preparing many substances important 
for Industry and a'griculturb, its nitj'ogen being present in a 
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particularly reactive form. Its most important application is 
for the production of aniiiioiiia, which, when employing an 
excess of w^r, goes on quantitatively and causes no special 
expense since, when employing steam for that reaction, the 
whole of the lime and one-thircl of the carbon used up fbr the 
carbide melt are recovered in a shape in which they can be 
used again for the manufacture of calcium carbide. If water is 
employed, in which ca.se h)'dratcd lime is formed, the expense 
of the transformation is partially coveia.’d by tlie graphite 
recovered from the residue. This is described in the B. P. 
5713, of 1911, by Collett and Eckardt 

A number of patents have been taken out fur the conversion ' 
of calcium carbide or lime-nitrogen into ammonia, by the 
Gesellschaft fiir Stick.stoffdimger (Ger. P. 10S706; Austr. P. 
36444); by the Oesterreichische Vercin fur chemi.sche und 
metallurgische Produktion (Austr. P. 39777; Ger. Ps 251934 
and 276720); by the Compagnie pour la fabrication desCompteurs 
(Fr. P. 407164); by Collett and Eckardt (U,.S. P. 1503433 ; Norw. 
P. 19973), '^'ho by contemporaneous action of steam and sulphur 
dioxide on calcium c-arbide produce ammonium sulphite; by 
Landis (assigned to .\merican Cyanamidc Co.), U.S. Ps. 
1163095, 1154640. 1149653 - 

In order to prepare ammonia from the a anides of the 
alkaline - earth metals, the Badischc Anilin- und Sodafabrik 
(U.S. P. 91446S, raken by Bosch; Fr. P. 372714), instead 
of treating it, as formerl)- usual, with water at temperatures 
between 300 and 500" C. (which leads to the formation of 
to and' H), heats the crude cyanides (400 kg,, coarsely 
ground) with water (600 litres) in high-pressure apparatus 
slowly up to 150" C., until the saponification is complete. The 
NHj is then let off, together with steam, and the perfectly 
pure gas is treated in the usual manner. The yield-is nearly 
quantitative, and frbm the residue formic acid can be recovered 
in almost the theoretical quantity. (The Engli.sh patent for 
this process is taken out in the name.rof J. V. Johnson, B. P. 
22038, 1906.) 

According to the kPs. 25260, of 1912, and 9564, of 1913 ; Fr. 
P. 458951 of the Badische .Anilin- und Sodafabrik, the^ extract 
the ammonia from gaseous mixtures obtained by synthetic 
processes, b)- passing the gases in the same direction as an 
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absorbing liquid through a system of tubes which may be 
arranged in series, and supplied respectively wit^solutions of 
ainmonij of progressively diminishing concentration. Or else 
the absorption is effected under a prc.ssurc exceeding lo 
atmospheres, in a scries of tubes in Mich a way,that the gnsc.s 
and absorbents move in opposite directions as regards the 
scries of the whole ; but in each unit of the .series they move in 
the same direction. 

Heinrich Koppers, E.s.sen a. d. Ruhr (Gor. I’.s. eGS 185, 285354), 
produces ammonia from lime-nitrogen, made with water into 
a paste, by means of steam in such a wa>' that after absorbing 
the ammonia in a saturator the gases and steam, after being 
heated up, can be used over again for expelling the ammonia 
from lime-nitrogen. 

The Ocsterr. Verein fur chemische uud inctalluigische 
Procluktion, at Aussig (Ger. 251934), produces ammonia from 
lime-nitrogen and water by heating up to 180 , obtaining this 
heat by employing a column of liquid of sufficient height, in 
a .scries of vessels combined in such a way that each of them 
may serve a.s first, second, third, etc.* the pressure being 
obtained by the combined height of li(]uid in all the vessels. 

Lohni ; {Z. Ganiiii;sJ'/?Vi?i>/p!^ic, 1914, v., p. 46) a.scribc.s the 
production of .ammonia from cyanamide in the soil to the 
action of certain fungi, 

A French patent of the Aktien-G' ;elK*chaft fur Stick*stuff- 
diinger, 375979; and a B. P. 9407, of 1907, of the same, 
together with C. Krauss; ahso a fler. P. 198706,* of 1907, 
prescribe accelerating the. decomposition of cyanides an 3 
cyanamidcs by the addition of calcium chloride. Potvdered 
calcium cyaqamide is mixed with^an ccjual weight of a con¬ 
centrated solution of CaCI.,. The jiastc solidifies on standing ; 
it is thdn broken into pieces and heated in a retort, the 
ammonia evolved being collected. Towards the end of the 
reaction a little steam may be injccterl, in order to prevent a 
decomposition of.arp^onia in contact with the hot sides of 
the retort • • ’ 

Zamore and Carlson (U.S. P. 1042745) treat lime-nitrogen 
with 15 to 50 per cent, by weight of dilute nitric acid con¬ 
taining 3 to 25 pcf cent. H.NO.., cooling the mass during the 
treatment. 
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Further patents on the preparation of ammonia from 
cyanaraides ^ 

Hayrische'Stickstofifwcrkc (Ger. P. 244452). 

Washburn (U.S. P. 1006927). 

A.shcroft (Ik r. 70420, of 1914). 

The Nitrogen Products Co. (Fr. Ps. 455729, 474023). 

A further important employment of lime-nitrogen is the 
manufacture of cyanides, for which an experimental factory has- 
been erected at Spandau. In this case a iluxing-agent is 
added, and the reaction: CaCN,-I- C = ('a(('N)2 goes on 
quantitatively, although it is endothermic, by means of 
special apparatus (Erlwein, Z. angeuK Chem., 1903, p. 553 )- 

The dicyandiamide obtained from lime-nitrogen has found 
an application as an addition to explosives, in lieu of ammonium 
oxalate, its action being superior to the latter. 

The graphite formed during the production of lime- 
nitrogen can be separated cheaply and in a very pure form 
by a process worked out by Frank, Caro, and Jacoby, and the\’ 
state that the cost of converting the nitrogen into lime-nitrogen 
is entirely covered by. 4 he value of this graphite. Caro further 
reports on the application of lime-nitrogen to the manufacture of 
potassium cyanide, as well as to the conversion of iron into steel, 
and to other purpo.ses into which we cannot enter in this place. 

Storage of Calcium Cyanamitlc. —Purgess and Edwards-Ker 
{Chem. Trade /., iprs, p. 198) report on the influence of air and 
moisture on it. To prevent lo.ss of nitrogen, paper bags .should 
be used .in stripjflng, and the material worked into the soil 
quickly. 

Statistical Notes on the Industry of Calcium Cyanamide 
(I,iine-Nitrogen). 

The Chem. Zeit., 1907, p. 527, contain.s a glowing report on 
the development of the industry of calcium cyanamide. Its 
efficiency for agricultural purposes is stated to be quite on a 
par with that of nitrate.s. The problem of utilizing the nitrogen 
of air may be taken as resolved now, and at an early future 
this will be the only source of nitrogen compounds for fertilizers.* 
The Societa generale della Cianamide at Rome is the owner of 

' This IS an overst.atement of tlie case! According to Wagner and 
other authorities, the manurial value of lime-nitrogen ’’ is only four-fifths 
of that of “nitric-nitrogen." 



STATISTICS ON CALCICM CYANAMIDE 


1141 


the patents in that line, also those of Frank and Caro. Special 
limited companies have been established in Germ^iy, England, 
Italy, Austria,France,and Switzerland,forexploiti>!gthem. The 
factories*already at work or in course of erection are, in GeVmany, 
Trosfbqg-g (15,000 tons), Westercgeln (45,000 tons), Bromberg 
(2500 tons cyanamidc per annum); Alby, in Sweden (17,000 
tons); Odda, in Norway (12,500 tons); Piano d'Orto, in Italy 
(10,000 tons); Dalmatia (io,oootons); Notre Dame dcBrianfon, 
in Savoy (3750 tons); Martigny, in Switzerland (3750 tons). 

•According to a report in the angew. Client., 1909, p. 
1040, several of these establishments were at that time work¬ 
ing very successfully, and were largely increasing their plant, 
especially those working with water-power in Italy, France, 
the United States, and Can.ada. 

According to Engineering, 1914, xcviii., pp. 267 d .vo/., the 
Odda works (in Norway) have been enlarged to produce 85,000 
tons of calcium carbide per year, and a cyanamide plant oi 
80,000 tons capacit)’ has been built. Other plants in Sweden 
have been enlarged, and 1,000,000 h.p. of water rights have 
been secured in Norway anrl Iceland foj the ultimate .produc¬ 
tion of 2,000,000 tons of cyanamide. Ibid., pp. 294, 351, 465 
(1914), the works arc described in detail. Nitrogen is obtained 
by the fractional distillation of liquid air. There are 604 fur¬ 
naces for making cyanamide, each ofwhich, working at about 
1150°, converts 450 kg. CaC into cyananikle iji thirty hours. 

In Germany the Bayrische Stickstoffwerke produce 20,00c 
tons lime-nitrogen, with 15,000 h.p. (water-power),. Another 
German'works produces 10,000 tons lime-nitrogen per annum 
by means of lignite. According to A, Frank, in Ckevi. Zeit.. 
1914, p. 1261, in that year in three German factories 70,000 tons 
lime-nitroge'n was produced. Morfe nitrogen is made available 
by this method for the same amount of electric energ)' than by 
the electrical production of nitric acid. 

In Z. angew. Client., 1915, p. 199, Rassow gives the following 
.statistics concerning 4 ime-|utrogen. The production of it in the 
whole world has t^ep v— 


t9o6 . 

500 Ions 

1911 *. 

5 2,too Ions 

1907 . 

2,200 „ 

1912 . 

95,000 „ 

1908 . 

• 8,300 >. 

1913 ■ 

97,000 ,, (estiniatecl 

1909 . 

igto . 

. 16,000 „ 

.■ 30,000 „ . 

1914 . 

220,000 „ „ 
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The quantities consumed in Germany:— 

igiA^o 1913 .... 60,000 tons 

^ 1913101914 .... So, 000 „ , 

P. F. Franklancl (_/. Soc Chem. hid., 1915, p. 310) states that 
;£'5,000,000 capftal is already embarked in the calcium carbide 
industry by various companies of Europe and America. About 
120,000 tons is produced annually, about one-quarter of which 
in Germany. 

Wa.shburn, at the Atlantic City Meeting of the American 
Electro-chemical Society in April 1915 (according to Chevi. 
Zcit., 1915, p, 643) stated that the annual productive power 
of the plants employed for producing arc and cyanarnide 
products amounts to 90,000 to 100,000 tons combined 
nitrogen, of a value of $25,000,000 at the works. Two-thirds 
of this is cyanarnide, one-third other nitrogen compounds. The 
American Cyanarnide Company can produce at their works at 
Niagara Falls (Cianada) cyanarnide containing half as much 
nitrogen as all the arc irroducts of the whole world. Most of 
the cyanarnide pa.sses directly into consumption (for fertilizing 
purpo.ses) without undergoing any manufacturing operation. 
The just-mentioned .American Company sells .So per cent, of 
their total production in that shape; besides it manufactures 
ammonia, urea, cyanide^ and recently argon for illuminating 
purposes. r 

Aiialytictil Methods for Cvaiiainides. 

1 Stutzer and Stoll [Z. nngew. Chem.., igio, p. 1873) estimate 
the nitrogen contained in “lime-nitrogen” in the form of 
cyanarnide and dicyanamide as followsTen g. of the substance 
are put into a J,-litre flask; add 400 to 450 c.c. water, shake 
for two and a half hours and fill up to the mark. I'ut a 
quantity of the liquid corresponding to 0'2 g. of the sample 
into a 200 c.c. flask, acidulate with nitric acid, neutralize by 
5 c.c. of 2I per cent, liquor ammonia;, add 50 c.c. decinormal 
silver nitrate .solution, fill up to the mark,‘fi'ter and estimate 
the silver in the filtrate. In the presence of chlorides, the 
solution must be acidulated with nitric acid and titrated for 
them. Dis.solve 100 g. silver acetate in 400 c.c. 10 per cent, 
liquor ammoni®, and dilute to i litre. Ten'c.c, of this liquid 
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is added to 25 c.c. of the lime-nitrogen solution prepared as 
above, filter and estimate the cyanamide by oerforming a 
nitrogen test according to Kjeldahl. To 25 c.c. of the filtrate 
(= 0-357 S- original .sub.stance) add 10 c.c. of 10 per 

cent.* Qiiustic-potash .solution; the nitrogen contents of the 
precipitate indicates the dicyanamidc. In orJer to estimate 
this directly, shake 10 g. of the sample with 250 c.c. 94 per 
cent, alcohol for half an hour, evaporate too c.c. of the filtrate 
on the water-bath, take up the residue with warm water, add 
10 c.c. of the silver acetate solution, filter and wash the precipi¬ 
tate. To the filtrate add 10 c.c. of 10 per cent, potash solution, 
which precipitates argentic dicyandiamide; filter and estimate 
the nitrogen in the precipitate. 

Vualflart {Anw. Fa/sifif., 1911, iv., p. 321) prepares the usual 
.solution in a corked bottle, precipitates 100 c c. (= 0-4 g. 
evanamide^ by 20 c.c. of a 5 per cent, silver nitrate solution 
and ammonia in exce.s.s, wa.she.s the precipitate, dissolves it in 
dilute nitric acid, and titrates with ammonium sulphocyanide, 
using ferric chloride as indicator. If the nitrogen of dicyanamidc 
has to be estimated as well, the ammonu-k is replaced by 20 c.c. 
of a 10 per cent, solution of caustic ]X}tash, the precipitate 
is washed and dried, and the nitrogen estimated by the 
Kjeldahl method. 


Aniniotud and Cyanides prepared hr Meauf nf Tilaniniii 
Cyammitrid. 

The "Badische Anilin-^und Sodafabrik (Fr. 1 ’. 3870or) 
prepares cyanides and cyanamides from titanimn cyamnitride 
by melting it with calcined sodium carbonate and lamp¬ 
black, or by heating it with quicklime, calcium chloride, 
and larr>pblack. The titanium may afterwards be readily 
reconverted into the nitride or cyanonitride. Their Fr. P. 
387002 shows that the nitrogen present in these titanium 
compounds may be rstdilyconverted into ammonia by most of 
the oxidizing ageiits,.or by heating with acids in the presence 
of water or steam. The titanic acid helmed‘in this process, 
when heated with carbon and .salts of alkaline metals, absorbs 
nitrogen at a comparatively low temperature. Thus a mixture 
of 80 kg. titanic acid, 20 kg. wood-charcoal, and 2 kg, sodium 
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sulphate requires heating in a current of nitrogen for two hours 
at about 1240° C. 

The Ger. K 200988 of the same firm treats of the prepara¬ 
tion of cyanides and cyanamides of the alkalis and'alkaline 
earths by heating the nitrogen compounds of titaniqm* (the 
nitride and the' carbon-nitrogen compound) with the oxides, 
carbonates, or other salts of the alkalis or alkaline earths in the 
presence of carbon, pitch of the like, with or without a flux. 
The titanic acid formed in this process can be reconverted into the 
nitride or carbon-nitrogen compound in tlie well-known manner. 

The Ger. P. 202563 of the same firm produces ammonia 
from the cyanogen-nitrogen compound of titanium by heating 
this with oxidizing agents (apart from caustic alkali) at a 
suitable temperature, in neutral, alkaline, or acid .solutions, 
suspensions, or in the .state of fusion. Such agents are, e.g., 
sulphuric acid and sodium bisulphate, together with water 
under pressure ; or electrolysks, with or without ox) gcn carriers; 
or air, with water, with or without the assistance of high 
pressure ami of oxygen carriers. 

The Ger. P. 203748, of the same firm (to which corresponds 
the B. P. 1842, of 1908, taken out by Johnson for the R.A.S.-P'.) 
describes a modification of the proces.s of Ger. P. 202563. The 
titanium c)'anonitride is soaked with a contact substance, eg., a 
.solution of platinum chlctride, and is then heated 300" to 400" 
in a current of air apd .steam. Their Ger. P. 203750 describes 
the heating of titanic acid wdth coal in a current of nitrogen, 
after adding an alkaline salt (sulphate or carbonate), which 
ejiables the reaction to take place quickly and at comparatively 
low temperature. The alkaline sails seem to play the part of 
nitrogen carriers, since already small quantities produce a 
striking!)’ hastening actiom Their G. 204204'protectB the 
application of titanium nitride, TPNj, in lieu of the cyaqonitride. 
Their Ger. P. 204475 -shows that in this process steam may be 
employed as an oxidizing agent, if at the' same time such 
metallic salts, oxides, or hydroxides are present, which under the 
circumstances of the case do not thernselves‘o,xidize thq titanium 
nitrides. , o 

Their Ger. P. 204847 describes the preparation of 
ammonia from titanium nitride b)’ boiling this with sulphuric 
acid of 30 per cent., with exclusion of air. ■ When employing 
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concentrated sulphuric acid, the temperature must bo kept below 
170° C, to avoid the oxidizing action of the acid. The corre¬ 
sponding British patents taken out by J. V. Johnson, are 2414 
and 2525, of 1908. 

% 

Fornuitioii of Ammovia from Nitrogen ONldes and in 
Various Inorganic Chemical Processes. 

Atmospheric nitrogen, according to Schonbein, combines 
directly with the elements of water forming ammonium nitrite: 

2 N + 2 H .,0 = NH,.NO..,, 

and this reaction occurs, although but to a mi:iimal extent, 
every time when water evaporates in contact with air. Much 
more rapid is the combination of free nitrogen and hydrogen 
under the influence of the electric .spark or of the silent electric 
di.scharge, but it is always very incomplete, since the contrary 
reaction by these agencies soon .sets in. O. I.oew {Ilcrl. Per., 
1890, p. 1443) has observed that atmospheric nitro:;en is 
transformed by platinum black in the prc.sence of caustic-.soda 
solution into ammonium nitrite. , 

Ammonia is also formed when a mixture of hydrogen with 
“nitrous vapours,” />., various oxides of nitrogen, is passed 
through a gently heated tube filled with porous substances 
(preferably platinum sponge); cold pRitinum in such a mixture 
turns red-hot, and causes the combination of nitrogen and 
hydrogen with great violence. Hydrogen in the na.sccnt state 
causes the formation of ammonia from nitric or nitrous acid; 
it is obtained in that state when being liberated by aluminiuM, 
zinc, or a mixture of zinc and iron. Ulsch {Z. anal, Chem., 
XXX., p. 175) has shown that by means of iron alone, in a highly 
comminuted form (“.ferrum reductum ”) and dilute sulphuric 
acid, nitric acid can be completely converted into ammonia; 
at 60" this reaction is complete, and it has been applied for 
many years to tht quantitative estimation of nitrate.s, I myself 
have shown (Lung% 6'//m. hid., 1883, p. 302; J. Sor. Chem. 
Ind., 1884,9. 287^ fhat in concentrated solution iron by*itself, 
in the presence of caustic alkalies, rcduc*s nitjates to ammonia. 
Sodium, sulphide as well in the pre.sence of sodium hydrate, 
on heating with nitrates, causes the fonnatinn of nitrates 
(Lflnge and Smith, Chem. hid., 1883, p. 298). 
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Adhikary {Chevi. News, cxii., p. 163, 1915) reduced nitric 
acid to ammonia by mixing it with hydrogen, and passing 
over heated Au, Ag, Zn, Sii, I’b, Sb, Bi, or Fe. 

Boudoin and Escarpit(Fr. P. 205584) describe the production 
of ammonia by heating too parts sodium nitrate with <;o'parts 
naphthalene to about boo". In a similar way Fouler (Ger, Ps. 
57254,75610,7G724) treats nitrates with hydrocarbon to produce 
ammonia. These processes will certainly not j ield quantitative 
results. 

Angelucci (/. Soc. Chcui. hid., 1907, p. 147, from Gikz. Chim. 
Ital., iyo6, p. 517) obtained ammonium carbonate from acetylene 
and nitric oxide by passing them through spongy’ platinum 
heated to 800" C. 

Patten and Robinson (Zra/zr. Amer. IHectncheni. Soc., 
Oct. 1907) have .studied the conversion of nitric acid into 
ammonia by elcctrolysi.s. When employing a copper cathode, 
probably first hydroxylamine is formed. 

The work done by Klut (.l/rV/. d. Priifiuigsaiist f. U'asser- 
vrrsofi^inig, 19OQ, part 12) and Noll {Z. iiiigciv. C/tein., 191O, 
p. 1307) on the formation of ammonia from nitrates in under¬ 
ground water, containing iron and mangane.se, i.s only theo¬ 
retically intcrc.sting. 

The Eleklrochemische Werke, Berlin (B. P. 16426, igii) 
produce ammonium nitrate by’ electrolyzing mixtures of nitrous 
and nitric acid in a diaphragm cell with an aluminium cathode. 

The same firm (Ger. P. 238137) prepare ammonia or salts of 
it from nitrogen oxides and hydrogen, or mixtures of hydrogen 
with gases containing carbon monoxide or suitable' hydro¬ 
carbons; by pas.sing them at high temperatures over contact 
substances which contain only a moderate quantity of catalytic- 
ally acting metals or metallic compounds.' The surface of non- 
porous contact substances ought to be only partially covered 
with contact metals. The advantage of employing such weak- 
contact substances had not been previously known. In order 
to obtain quantitative yield-sdefinite fempe-ititures must be kept, 
differing according to the nature of the' contact metal and to 
the concentratioi,. SKongly acting metals, such as platinum, 
must be employed at smaller concentrations, but at higher 
temperatures than less active metals, as copper, nickel, or iron. 

Their Fr. P. 426307 (U.S. P. of Rothe, 1083703) .states as 'the 
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most suitable catalytic mass, asbestos impregiiatcti with lo per 
cent, copper. 

In some other cases where nitrate of .soda is used for 
oxidizing purposes, ammonia is formed, and proposals have 
been*rmade for its utilization. This is, for instance, tlie case 
with the ammonia formed in very perceptible <iuantities during 
the oxidation of the sulphur compounds in the manufacture of 
caustic soda at first observed by 1‘auli,' and studied in detail 
by Lunge and Smith ( /. SW. Chem. hid., iSSi), pp, 4(10 and 525). 
It would seem very difficult to recover this slight iiuanlity of 
ammonia diluted with an enormous volume of other gases. 
But at the Aussig Chemical Works this is actually done; 
and already in 18S4, 60 tons of ammonium sulphate were 
obtained from this source. 

In “black-ash” obtained by the Leblanc process there is 
always a certain amount of cyanides, which cause ,1 good deal 
of trouble in the manufacture of pure soda. Matthieson and 
ffawliezek have worked out a proce.ss (B. 1 ’. 5456,0! i,SS6; Ger. 
Ik 40987; J. ,S(>c'. Clifiii. hid, 1SS9. p. 331) by which they 
transform the cyanide into ammonia by.mcans of superheated 
steam at 300" to 500', An account of this is given in Lunge’s 
.Sulphuric Acid and Alkali, 3rd edition, 1909, ii,, p. 618. This 
process has never become practical; no nifire has this been the 
case with the process of Gorlich and Vt'ichmann (Ger. 1 ’. 87135), 
who allow the H.,S, evolved in the Leblanc-projess or otherwise, 
to act upon sodium nitrite ; 

NaNO._, + ,ilI.,S - NaOH f 3S-I NH. t H.O. . 

Trails (Ger. Ik 41352) rccoveis ammonia in the manufacture 
of sulphate of alumina from bituminous schist by adding a little 
gypsum before calcini-ng the schi.st.- 

Kellner (B. Ik 13722, of 1893) electrolyzes sodium nitrate in 
the following way;—A solution of sodium nitrate is electrolyzed 
with a mercury tathode, and the sodium amalgam formed is 
employed as cathodsTn a solution of sodium nitrate, into which 
dips a second elegt'rode, in order to recover the electric cflrrent 
generated during the action of the Ntnon IsJaNOj, in which 
NHj and NaOH are formed. 

Raschen and Brock (B, Ps. 7287 and 728S, 1895) treat 
' Phil. Mag. [4], xxiii., p. Z4*S- 
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equal molecules of sodium nitrate and chloride with an excess 
of sulphuric acid; the nitrosyl chloride formed is mixed with 
hydrogen and is passed over hot platinum-asbestos, the reaction 
being 

NOCI-I-6H = NHiCI + HoO. 

If NOCl is replaced by N or oxides of nitrogen, free NH,|is 
formed. 

The West-Deut.sche Thomasphosphatwerke (Ger. P. 157287) 
subject a mixture of hydrogen, nitric oxide, and carbon mon¬ 
oxide to the action of spongy platinum, at a temperature not 
exceeding 80 C. and aided by the silent electric discharge. In 
practice the mixture would be made of Dowson gas or water- 
gas and nitric oxide. A mixture of 12 vols. H, 40 NO, 44 CO, 
and 4 CO.^ yields on the average about 10 vols. NH ,. 

Cassal (Fr. P. 346066) absorbs the gases produced by the 
action of an electric discharge on air, and consequently contain¬ 
ing nitrogen oxides, in caustic alkali so as to form nitrates and 
nitrites, and electrolyzes the solution without a diaphragm. 
Ammonia is liberated as a gas, and the caustic alkali is re-formed. 
The yield is improvetfby addition of 5 per cent, of lead nitrate. 
Nitrites must be present, unless a small-current density is u.sed 
at the cathode. Instead of caustic alkali, lime or calcium 
carbonate may be used as the absorbent. 

Peacock (U.S. Ik 1123584) produces ammonia by burning 
sulphur with a liinited amount of air to deprive the air of nearly 
all its oxygen, bringing the resulting mixture of SO^ and N into 
contact with carbon at a temperature of about 8cx3'’, to form 
S3N4 (C.|H or S3N4 (CjH^),, and ti eating the latter with hot 
water or steam to produce NH,. 


AMMUNI.X A.S A By-pkohuct in tiik Manufactuke of 
Beetroot Suoar (Vinas,se). 


Beetroot contains betaine (trimethyl-gjycocol): 

— CH.,—CO-;-., 

(CH,),^-® . 

also asparagin; CHjfNH.^)—COOM 


CHj.CO,NH„ 
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and other chemical compounds, from which, by decomposiii" 
reactions, ammonia (along with trimethylamine) is split off. 
This is facilitated by the addition of lime to the beetroot juice, 
for the purpose of purifying it; and, in fact, the juice, alter this 
treatmant, during its concentration constantjy emits small 
quantities of ammonia. It has been several times proposed to 
recover this ammonia. Thus, Vibrans (Ger. 1 ’. 15513) a.spirates 
the steam and ammonia collecting in the upper part of the 
“thick juice” evaporators by means of a pump, and pa.sses it 
through an acid ; he also treats in a .similar way the ammonia 
given off in the “ saturating-pans.” J1 udcc Jalurskr., 

1895, p. 817) obtained from too c.c. the condensed water of thc 
evaporating-boilers 0-0432 g. NH... More can be gt)t by 
spraying alum solution into the boilers, or, according to I’olecke 
(Ger. P. 52885), gaseous or sprayed acids. 

It i.s, however, much more important to recover the ammonia 
found in a more concentrated state in the “ rmissf," that is the 
residue from subjecting the raola.sses to fermentation, and di.stil- 
ling off the alcohol. The best-known proce.ss is that of Cam. 
Vincent {Comptes rend., 1877, 21 mai and 8 octobre), which has 
for I'ts principal object the manufacture of trimethylamine and 
methylic chloride, but considerable quantities of ammonia are 
likewi.se obtained (about 32 cwt. of ammonium sulphate from 
98 tons of molas.ses, or 400 tons of vinasse, treated per diem). 
The evaporated vinasse i.s ignited in retorts ayd the ga.ses are 
submitted to condensation; the ta’ry liquid which separates 
is saturated by an acid and evaporated to a certain 'degree; 
bn coolirtg, the ammonia salts, w'hich are less soluble than the 
others, crystallize out. A further quantity of ammtmia is 
obtained in ^the destructive distillation of the trimethylamine 
hydrochlorate, in a similar way to flie above. The ammonium 
salt thus obtained (generally the hydrochlorate) is contamin¬ 
ated with the chlorides of iron and lead from the metal of the 
vessels; it is purified by dissolving in water, adding ammonium 
sulphide, filtering^ dlystallping, and draining the crystalj in a 
centrifugal machine.*. • 

E. Ernst (Ger. P. 13871) mixes witB the^’inasse, concen¬ 
trated to 76° Tw. and still hot, 25 per cent, dried ground peat, 
3 per cent ground quicklime, and 6 per cent, fatty oil. The 
mixture is charged into a simicircular piece of sheet-iron, which 
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is placed in a red-hot horizontal retort, iron rails preventing 
a direct contact between the sheet-iron and the retort-shell. 
The ^ases formed are treated as usual. Further patents of 
the same inventor (Ger. I’s. 17869 and 18549) describe 
other arrangements for igniting mixtures of vinasre? with 
peat, etc. 

R. Lederer and W. Gintl (Ger. P. 17874) calcine the concen¬ 
trated vinasse in a continuous stream, at a temperature of 3 50'' to 
400" C., in a horizontal retort, filled with an Archimedian screw, 
so that the char continuously issues at the other end, ready for 
the recovery of potash salts, the gases being treated by Vincent’s 
process, p. 1149. 

F. X. Hrosche (Ger. P. 14433) states that 60 or 70 per 
cent, of the nitrogen of the vinasse can be recovered as 
ammonia by dry distillation of the vinasse over potash-lime, 
formed by a mixture of carbonized vinasse with lime. Up to 
80 per cent, is obtained, if the vapours are, moreover, passed 
through a tube filled with potash-lime. 

The Badische Gesellschaft fiir Zuckerfabrikation (Ger. P. 
15702) extracts carbonized vinasse with water, causticizes the 
solution by lime, evaporates the liquor, and adds so much of it 
to concentrated vinasse that there is from 5 to 15 parts of 
potassium hydrate present for each lOO parts of dry vinasse. 
The dry distillation is then carried on as usual. 

Haring, Ehrenberg, & Co., and M. Ba.switz (Ger. P, 15751) 
introduce concentrated vinasse, or the liquors from the osmose 
and elution processes, in a very thin stream into retorts 
iieated to a dark red-heat, so that there is almost instantaneous 
gasification. The gases, which are very rich in tarry matters, 
are subjected to overheating in pipes placed between the retorts, 
where the tar is destroyed [along with some of the ammonia?], 
and thence pass into the condensing apparatus. 

Even from the potash made from vinasse, which contains 
some potassium cyanide, Legrand and Dabernard (Fr. P., 
27th, December 1876), state that th*y can obtain ammonia by 
treating it with steam. Thus i to 4 ,pe' cent ammonium 
sulphate is to be obtained from potash. 

Emil Meyer (Ger. P. 43435) proposes working the liquor left 
on recovering sugar from molasses not merely for ammonia and 
alkali salts, but also for oxalic acid, by fusing the salts with 
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caustic soda or potash; C. Uhl & Co. (Ger. 47190) propose 
improvements to this process. Sternberg (Ger. Ps. 78442 and 
105638 :^U.S. P. 486647) evaporates the .same liquor with coke 
and distils the mi.xture in retorts with superheated 'steam 
which* aonverts much more of the nitrogen in^o NM.,. 'J'hc 
formation of ammonia commences at 100” C,: at 30o'’'5o per 
cent, of the nitrogen compounds are converted into Nil,, and 
at 500° the decomposition is practically complete. His apparatus 
is shown in Fig. 233. It consists of three superposed retorts, 
connected by vertical pipes and fitted with agitating-worms.’ 
fZj is the charging-funnel, rf the discharging-pipc. I he fire-gases 



Fig. 233 


travel aiolig A, B, C, D, E, F, and through G into the chimney.* 
The material enters at and proceeds along n, a.., *1010 />, 

then along through c, Cj, into the cooler d, and is dis¬ 

charged by and d can be connected by e with a gas- 
pump, which serves for aspirating air from (7j right through the 
retorts. 

H, & VV. Patak*' (Ger. P. 86400) mix the evaporated liquor 
with alumina and Uistil in retorts; the residue conl^ins 
potassium aluminate,* Jaesides other .salts. 

Mathiessen (Ger. Ps. 89147 and 95397 )* also employs 
alumina in various forms for increasing the jield of ammonia 
from molasses. 

Ifl treating molasses with lime and alcohol, for the purpose 

4 
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of recovering the sugar, the alcohol distilled off from the 
calcium saccharate contains ammonia. 

H._, Steffens (Gcr. Ps. 23594 24549) treats^ it with 

sulphuric, carbonic, sulphurous, or phosphoric acid, or acid 
salts, in order to recover the ammonia, i 

Effront (Fr. P. 369630, and Ger. P. 209114, of 1909) increases 
the yield of N H., from boiled-down vinasse by mixing it with 
resins or with acid salts, obtaining part of the NHj by drying 
the mixture in a current of hot air and distilling the residue at 
700“ C. in pre.sence of superheated steam and of an excess of air. 
Another patent of the .same inventor (Fr. P. 382689) employs 
butyric-acid ferment at 38' to 42° C. During the fermenting 
proce.s.s, w’hich lasts about three days, 15 to 20 litres of butyric 
acid are formed. An alkalinity of about 1-5 g. per litre must 
be maintained by the addition of lime. 

Ost [Z. angew. Clieiii., xix., p. 609) describes the utilization 
of vinasse by the process used at the Dessau works, 

Sternberg (B. P. 7002, of 1896; Gcr. P. 105638) mixes the 
sugary liquor with a crude potassium aluminatc, obtained from 
bauxite, and heats the blocks thus made in a continuously 
acting retort. 

Fischer (B. P. 15S15, of 1899) heats thickened vinasse in a 
series of retorts, provid_,ed with alternately working screws to 
from 200'' to 500° C. 

Be.semfelder, (Ger. P. 118795; U-S- P. 689780) mixes the 
concentrated waste lyes of sugar-works with bauxite, or alumina 
and coke, and heats the mixture in a series of horizontal 
superposed pipes. The gases are conveyed into “ decoinposition- 
retorts,” and the tar produced there, together with ammonia, 
is separated therefrom. 

Andrlik {Ckcm. Zeit., 1902, rep. >p. 274) describes his 
experiments vvith the same material, especially the use of 
certain bacteria for converting the nitrogen into ammonia. 

Further patents in this line are; Pecek'er Zuckerraffinerie' 
(Atjst. P, 1284); indre and Thicrry/Ger. f S. 125788 and 129578; 
Aust, P.S. 5158, 5159, 6861, 8878); Wanch ((jer. P. 108724);- 
Schiller (Ger. P, 38596); Huber and Poindexter (U.S. P. 
1145484). 

It is stated that, if all the German beetroot sugar works 
worked the vinasse for ammonia, about 15,000 tons of ammonium 
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sulphate could be produced per annum, most of which is now 
lost. The more recent endeavours for utilizing the vinasse in 
this res{ject aim at obtaining the nitrogen in the sh^pe of 
cyanideReichhardt and Bueb, Ger. Ps. 86913, 87725,104953, 
n353o)?which seems to be more profitable. , 

The Deutsche Gold- und Silber-Scheideanstalt (Ger. P. 
255440) obtain practically the whole of the nitrogen of the 
vina.s.se by superheating the ga.se.s, produced in heating the 
vinasse, in tubes of quartz or of a fused mixture of zirconia and 
quartz. 

The Societe H. Gouthicre & Cie. and P. Ducancel (Ger. ]’. 
270325) convert the methyiamine, contained in the gases from 
the de.structive distillation of vinasse, into ammonia by heating 
the gases to 500" to 700°. 

According to the Fr. P. 442923 of the .same inventors an 
intimate mixture of vinas.se (concentrated to a pa.sty state) 
and a portion of the residue from a previou.s operation is 
submitted to destructive distillation in the presence of steam, 
so as to liberate most of the nitrogen present in the form of 
ammonia, which is converted into sulphate in the usual way. 
The combustible gases produced by the di.stillatinn serve to 
heat the retorts or ovens employed, and part of the residue i.s 
treated for the attraction of potassium sj^lts. Additions to this 
patent extend the process to all residual liquors having a 
composition similar to vinas,se (like the liquors from the 
scouring of wool and the mother liquoi.-; of sugar refining), and 
describe the recovery of glycerin and potash; also the conversion 
of the raethylamines into smmonia, as in the above-quoted 
German patent. 

Donath (Ofsierr. Chem. Zeil., 1915, p. 112) di.scusses the 
recovery of ammonia *as a by-product in the manufacture 
of beetroot sugar. Various authors have worked on the 
occurrence or formation of ammonia in the treatment of the 
beetroot juice witfi lime. This ammonia is partly liberated 
from the ammonium salts piesent in the beetroot juice, partly 
formed from the protein substances and amido-compound.s 
contained in the juice. According to the experiments made 
by Donatfr himself, from O’ 1004 to 0-1643 g. NH^ can be obtained 
from I kg. beetroot ,in the laboratory. Various patents have 
'been taken for recovering the .ammonia in actual practice, of 
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which the Ger. E. 281095 Chetnischc Produktenfabrik 

Pommerensdorf and R. Siegler deserves special attention. 
1 hey pxpo.se the gases or vapours to gases containing SOj or 
HCl, .and obtain the ammonium sulphite or chloride formed 
from the concentrated aqueous solution formed by ccntrifugalling 
or otherwise. The sulphite is converted into sulphate by 
“autogencous oxidation.” 

AmM()ni,\ from Ukinf, Sew/\ge, etc. 

Urine is no doubt the oldest source of ammoniacal com¬ 
pounds, and up to a comparatively recent period it was practi¬ 
cally the only one for manufacturing purposes. The first 
chemist who really deserved that name, the Arabian Geber, 
who lived in the eighth century, undoubtedly prepared sal- 
ammoniac from urine and common salt. Sal-ammoniac, made 
in this way, was an article of commerce in Europe as early as 
1410; and the Jesuit Sicard in 1720 describes a manufactory 
of it in the Delta of the Nile which he had visited. In Egypt 
sal-ammoniac was ntadc by mixing camel’s dung with salt, 
burning it, and collecting the sublimate; we shall give some 
more particulars concerning this .subject in the section “Sal- 
ammoniac” in Chapter XVII. 

Putrefied urine (in which the urea has passed over into 
ammonium carbonate) has been used for centuries, and to a 
certain extent is still u.sed by dyers as a source of ammonia 
for scouring wool and other purposes. 

The methodical collection of urdne or sewage and working it 
up ifito ammoniacal compounds has been carried out in the 
neighbourhood of some large towns, Paris; but this 
industry represents only a very srrfall proportion of the 
enormous quantity of animal ejections passing off in other 
ways, and it furnishes only a comparatively small fraction of the 
ammoniacal compounds required in trade. If all the ammonia 
cofresponding to London urine‘were'recovered, this would 
amount to more than 60,000 tons of suljJhate per annum. 

Normal urine contains from 20 to 35 g. urea per litre: 
an adult man produces from 22 to 37 g. urea per twenty-four* 
hours, along with to of that w'eight of uric acid; this 
corresponds to 12-5 to 21 g. NHj per day, or between 9 and 17 ' 
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lb per annum. Urine, left to itself, after a short time begins to 
ferment, the result being that urea, or carbamide, CO(HN.,V 
takes up 2H.,0 and is changed into ammonium carljonate, 
(NHJ.,c 6.„ under the influence of a microscopic fungus. 

In* Saris» there arc daily 2200 cbm. (say, Jons) of urine 
and night-soil taken out of the “fo.sses,” partly disinfected 
by sulphate of iron or zinc, and are left to settle in large 
reservoirs, where the .solid matters separate from the liquid 
sewage, forming 85 to 95 per cent., which is now called “ eau 
vanne.” In three or four weeks the fermentation is complete, 
the urea has vanished, and there is formed principall)’ ammonium 
carbonate, along with sulphhydrate, sulphate, chloride, ammonio- 
magnesian phosphate, compound ammonias, and other sub¬ 
stances of intensely disagreeable smell. There is always a 
considerable loss of nitrogen, partly as such, partly by the 
evaporation of ammonia, and partly by its oxidation into nitric 
acid. When the ferment.ation is complete, the clear “ eau vanne ” 
is drawn off from the muddy deposit, which is converted into 
manure, but always with much lo.ss and causing a great nuisance. 

Several processes have been introdiJCed for treating this 
very di.sagrceahie deposit, of which we will give an outline. 
The Bilange process, practised at Bondy, is applied to the whole 
of the sewage. ^This is mixed by mecbjinical agitators with an 
exactly measured quantity of chemicals, intended to promote a 
rapid settling, principally consisting of milk of lime of sp. gr. 
m 6 to 1-20. The mixture is allc.vcd to settle in tanks, 
holding JW tons each. After an hour the clear fiquid is^ 
pumped &way; it has an. amber colour and contains free 
ammonia. The albuminoid matters are precipitated along with 
carbonate of lime and most impuritie.s. The decanted liquid is 
replaced by a fresh fnixturc from the agitators; the clear 
portion is-again decanted, and this is continued until the tank 
is full of deposit. The thick mud is now heated by .steam (it 
is more easily pressed when hot) and is pa.ssed through filter- 
presses. The amrqoflla escaping during the heating is retained 
in tanks filled with sulphuric acid. The cakes turned out from 
the filter-press are much richer in nitrogen the less lime has 
been used. Each lOO cbm. of crude sewage yield 75 cbm. 

‘ C. Vincent, “ Induspie des Produits ammoniacaux,” Enc. Chim. Frimy, 
Jnd e 3 ., loth vol., 4th part, p. 7. 
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dear decanted liquid and 25 cbm. deposited mud, from which is. 
obtained 6 or 7 tons of cakes containing 50 per cent, moisture. 
The m^inurial value of the latter is very small. Thc^liquid is 
worked up in the ammonia-stills. 

The Kuent^ process has been worked in several placeB,*^.,^., at 
Versailles. The crude sewage is received in closed tanks, where 
it passes through zigzag channels, and thus undergoes a first 
settling. The clear liquid issuing at last is sent to the ammonia- 
stills. The thick deposit is pumped into a closed mixer, where 
it receives an addition of the chlorides of aluminium and iron 
and of phosphate of lime, in order to make it pass through the 
filter-press and enhance its manurial value. The reagent is 
prepared by treating a mixture of 15 parts bauxite, 75 parts 
natural phosphate of lime, and 3 parts hydrated oxide of iron 
(yellow hematite) with no commercial hydrochloric acid and 
150 water. Fifty kg. (i cwt.) of the liquid resulting from the 
reaction is added to each cubic metre of thick mud. After twenty- 
four hours’ settling a considerable quantity of clear liquid, with 
only a faint smell, collects at the top and is decanted, and the 
deposit is forced by compressed air into a filter-press. The cakes 
contain all the phosphoric acid as bicalcic phosphate, pre¬ 
cipitated by the ammonium carbonate, along with calcium 
carbonate; the iron has absorbed the sulphur compounds, and 
the alumina has modified the albuminous and slimy matters 
which otherwisQ wohld have impeded the filtration. The per¬ 
centage of nitrogen in these cakes is 3 to 3-5, that of assimilable 
phosphoric acid 10 to 12 per cent. 

The ammonia-stills must be specially adapted to'avoid the 
smell 'inherent to such matters; they will be described in the 
last chapter. 

It is hardly necessary t6 observe that all such processes apply 
only to concentrated night-soil, not to sewage diluted with a 
large quantity of water from water-closets, etc. 

Ketjen (Z. nugnv. Chem., 1891, p. 294) reports on a successful 
experiment, made at Amsterdam,, for retoyering most of the 
nitrogen of sewage by distillation with ..lime. The apparatus 
was similar to that Employed in distilling gas-liquor, sufficient 
to work up 50 tons in twenty-four hours. The sewagC'Contained 
2-oi8 per cent, free and 0326 “ fixed ” ammonia; only 0-00848 
per cent. NH., remained in the waste-liquor. 8750 tons of 
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sewage yielded 72 tons sulphate of ammonia, with the expcndi- 
ture of 123 tons quicklime, 153 tons coal, and 72 tons sulphuric 
acid, sp.^gr. 1-7. The fixed residue, mixed with lime and 
pressed in a filter-press, contained 58 per cent, dry substance, 
52-27 cent. CaCOj, 0-518 per cent. N, 0-155 cent. K.p, 
and 0-157 per cent. PjOj. Neglecting its manurial value, the 
profit made on the sulphate of ammonia reduced the expense 
of dealing with the sewage to 44 cents, per ton of sewage, 
so that it was resolved to erect a plant for 250 tons per diem, 
in order to deal with the whole Am.stcrdam sewage. 

Hempel {Z. angevj. Chan., 1915, i.,p. 145) draws attention 
to the well-known fact that the sewage is everywhere treated in 
a very unsatisfactory way, and enormous quantitie.s of it go 
away in the subsoil. Especially in large towns nearly all the 
human excretions are lost, since water-closets have been 
introduced all over. The employment of sewage for irrigating 
fields near the towns withdraws it from general use for the 
whole country. Kerner (quoted in Gorup-Besanez, 7 V/)'.r/a/. 
Chan., 4th ed., p. 574) found in the urine of a man, who secreted 
on the average 1491 c.c. of urine per* diem, 38-1 g. urea, 
0-94 uric acid, 3-42 phosphoric acid, 0-38 calcium phosphate, 
0-97 magnesium phosphate, 083 ammonia per diem. The 
human secretions amount on the average for one year and for one 
person to 0-43 cbm. urine and 0-083 cbm. fiece.s. The weiglit of 
a cubic metre of mixed urine and farces is 958-^ kg., containing 
0-14 to 0-19 potas.s'a, 0-19 to 0-60 per cent, pho.sphoric acid, 
0-41 to 0-35 per cent, nitrogen (mo.st of it in the urine). If of 
the 1-^- Iftrcs of urine, secreted per head, only \ litre were* 
collected, the 70 millions of people inhabiting German)* would 
furnish ammonia of the daily value of ;^32,5oo, or /it 1,850,000 
per annum. " This is^ however, an illusory demand ; under 
ordinary circumstances it will be preferred to supply the nitro¬ 
gen for agricultural purposes in the shape of “lime-nitrogen” 
(vitie supra, pp. 1137 ei set].), or by synthesis of ammonia by 
the process of Habtr (p. J070) and other processes of ^that 
kind. An electric.fflfint of 5000 kilowatt produces per annum 
2500 tons nitrogen in the shape of “lirae-nitrogeir,” corresponding 
tb il,8ocitons sulphate of ammonia, and to the nitrogen of the 
urine of 283,966 adult persons. Hempel also studied the 
question of converting the nitrogen of urine by fermentation 
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into urea. At a temperature of 30°, and adding to a litre 
of fresh urine 50 c.c. of fermented urine, the urea was completely 
converted into ammonium carbonate within fortj'-eigjit hours. 
The evaporation of urine, treated in this way, had, however, the 
disagreeable accompaniment of violent frothing and* most 
disagreeable smell. The evaporation of fermented urine causes 
great los.scs of ammonia, which are only partly avoided by the 
recommended addition of calcium .sulphate; but fresh urine can 
be easily concentrated to a tenth of the original volume 
by evaporation in iron pans, heated by waste fire-gases of some 
technical operations, e.g., the manufacture of coal-gas. 

We will now enumerate various patents referring to this 
subject. 

J. P. Rickman and J. B. Thomp.son (B. P. 3305, 1882) add 
to urine and night-soil putrefying ox-gall as a ferment. The 
upper .space of the closed tank in which the mass is kept is 
connected with a reservoir containing sulphuric acid, to absorb 
the ammonia escaping. The liquid remaining in the fermenting- 
tank is afterwards distilled at a low temperature; the vapours 
from the directly heated still first pass through liquid contained 
in a cold still and thence into the absorbing-ve.sseI.s. 

J. Young (B. P. 3562, 1882; Ger. P. 27034) distils off a 
portion of the sewage, or of the effluent waters of sugar manu¬ 
factories, either by itself or mixed with lime, at a pressure above 
or at or below tl^at of the atmosphere; the distillate contains a 
greater proportion of ammonia than the original sewage. His 
apparatus, consists of a series of long boxes, arranged like steps, 
find provided with false bottoms inclined in such a Way that 
when the boxes are filled with the liquid, which is previously 
warmed and mixed with lime, the steam which is admitted at 
the bottom can be sucked by means of a vacuum backwards and 
forwards through the whole battery of boxes, while fresh liquid 
flows continuously in at the top and out at the bottom. Instead 
of the boxes, cylinders may also be employed.' 

]. Duncan (Ger. Ps. 27148 and 2^436) tieats sewage, mixed 
with lime and cleared by settling, with tteire in such a manner 
that the boiling-point 50° C. is never exceeded. This is done by 
means of a series of vessels combined into a battery,.in which 
the liquid travels in the opposite way to the steam. When the 
liquid contains only about 0 5 g. NH, per litre, steam take's up 
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hardly more than ^ of its weight of NH3 in a vacuum in which 
water boils at 21° C. It is therefore best to take the ammonia 
out of the steam by sulphuric acid, and employ the “purified" 
steam over again (?). 

F.*>. Bolton and J. A. Wanklyn (Ger. P. 17386) pass the 
vapours from heated sewage, etc., mixed with air or carbonic 
acid, through layers of porous calcium sulphate, mixed or 
not with calcium and iron phosphate, of calcium chloride, of its 
double salts with potassium or sodium chloride, or of potassium- 
magnesium chloride. The ammonium carbonate is transformed 
by those reagents into calcium carbonate and ammonium 
sulphate or chloride. When the reaction has gone far enough 
the mixture is heated, whereupon the inver.se reaction takes 
place; ammonium carbonate e.scapcs [of course in a dis¬ 
sociated form], and the original salts remain to be used over 
again. 

C. H. .Schneider (Ger. F.s. 27671 and 32890) promotes the 
natural settling of sewage by the addition of calcium chloride, 
whereby the ammonia is converted into a non-volatilizing 
compound ; the slimy matters arc al.so precipitated, and with 
old sewage a clear liquid is obtained which is easily decanted. 
With fresh sewage a further clarification by aluminium 
sulphate is advi.sable. 

Richters and Hagen (Ger. P. 14210) force air into the 
mixture of sewage or night-soil with lime, by mi^ns of perforated 
pipes, and condense the ammonia in coke-scrubbers by sulphuric 
acid. 

brull6 and Leclerc (B. P. 1086, 1880) run the sewage, etc., in* 
thin layers over heated surfaces, and cause a current •of air, 
passed over tho.se surfaces, to carry away the ammonia. 

I. van Riiymbecko (U.S. P. 342^237, of 1886) aims at sub¬ 
mitting liquids containing organic substances to a rapid putre¬ 
fying process, by allowing them to act in the shape of a spray 
on substances impregnated with putrefaction-ferments in the 
presence of a strong curr^t of air, so that air, ferment, and 
liquid are brought.ihjo. intimate contact. The escaping air is 
deprived of its ammonia by treatment wi 4 h sulphuric acid, and 
the residual liquid is also treated for ammonia as usual. 

Buhl and Keller (Ger. P. 27671) precipitate the phosphates 
witll lime salts and'crude manganese chloride (still-liquors from 
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the manufacture of chlorine); the settled liquor is distilled for 
ammonia. In lieu of manganese chloride, aluminium or zinc 
sulphate may be employed, say, from 4 to i6 kg. zinc sulphate 
to a tort of sewage, according to its consistency. This causes a 
kind of curdling, by which the liquids can be easily .separated 
from the solid.s. The latter are filter-pressed and dried, yielding 
I to I A cwt. per ton of sewage, with 2-6 to 3-5 per cent. N and 
5'5 to *J'3 per cent, phosphate of lime. The filtered liquid is 
distilled with lime, and yields 75 per cent, of the NH„ present 
in the sewage. 

Wedemeyer’s process for recovering NH^ from sewage (Ger. 
P. 87591) and Bruch’s process (Ger. P. 79486) can be only men¬ 
tioned here. 

On boiling fibrous matters (for paper or pasteboard) with 
lime at 8 atmospheres’ pressure, about half of the N present is 
given off as NH.j. But according to Na.st(Ger. P. 40980) all the 
nitrogen is transformed into NH.j, if besides 5 per cent, lime, 2 
per cent, NaCl is added (?). 

Schilling and Kremer (B. Ps. 15752, 1903; 14966, 1904; 
Aust. P. 2060,?) allow,the sewage to stand for .some time in 
coke or slag filters, let it run off, and pass hot gases, especially 
those produced in burning the mud collected on the gravel 
filters, through the empty filters, taking the gases to ammonia 
absorbers and thus obtaining the NH,, retained by the filters, as 
well as destroying the substances which stop up the filters. 

The Gesellschaft fiir Abwa.sserklarung,Berlin (Ger. P. i6n66) 
separates the muddy deposits 4-om the clear sewage and burns 
it, passing the gases through the clear portion of the sewage 
during «the filtration, and from these by means of a fan-blast 
into an observer for ammonia 

Twynam, Egham, and Matthews (B. P* 2625,1895) filter the 
sewage through a mixture of ferric hydroxide and phosphates, 
or a hydrated phosphoric iron ore, and afterwards expel the 
absorbed NH. by steam, or use the mixtrfre directly as a 
fertilizer. 

I^aylor (B. P. 17650, 1902) mixes the trtfsse with lime and 
passes it througb a chamber into which air, heated by the hot 
flue gases leaving the destructor furnace, is forced. "Ehe NHj 
is condensed as usual. 

Butterfield and Watson (B. P. 19502,1905') distil the preSsed 
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sewage sludge by means of heat and steam in vertical retorts 
with continuous action by means of the heat produced bj- the 
waste gases. 

j. Je*an & Cie. (Fr. P. 372171) pass the sewage dn to a 
quick^ rotating fan, thus producing a dense mist, which is 
passed through baffle-plates on which the w'a'ter condenses; 
the air is then brought into contact with an acid to retain tlie 
ammonia. 

Borner obtained a Fr. P. 290035 for recovering the ammonia 
formed in putrefaction processes. 

Stauber and Kochan (Fr. P. 464227) avoid, in furnaces for 
obtaining ammonia from sewage sludge, peat, bitumen, etc., the 
decomposition of ammonia vapours above 500°, by .separating 
the furnace into two compartments, c."-. by means of tubes, in 
one of which a flamele.ss combustion takes place, whilst in the 
other the gas is evolved by heating, aided by the injection of 
steam. 

The Soc. An. La Suburbaine (F'r. P. 45449 ^) pulverizes the 
night-soil, together with milk of lime, by a turbine, bringing a 
strong current of air into contact with tlic spray, passing on the 
air laden with ammonia to a chamber where it is washed by an 
acid spray. This may be repeated in two or more chambers, 
the same current of air being drawm through them in succession. 
Their B. P. is 4687, of 1913. * 

Taylor and Walker (U.S. P. 60366&) employ a vertical 
retort, with injection of steam under the grate. 

Matthiessen (Ger. P. 89147^ passes volatile organic com¬ 
pounds ®f any sort over a red-hot contact substance consisting 
of an alkaline or earthy alilminatc. • 

Fryklind (B. P. 20241, 1904; U.S. P. 918744) dkstils the 
excrements with lime into sulphuri* acid, contained in a closed 
vessel, and utilizes the steam produced in the latter for the 
primary distillation. 

. AmMOWA KROM Gb'ANO. 

• 

Apart from the deposits of ammoni*im bicarbonate some¬ 
times fojind in Peruvian guano (p. 1050), it is possible to extract 
considerable quantities of ammonia from guano by heating it 
with lime. This process was patented by Young in 1841 ; but 
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it cannot be remunerative, since the direct manurial value of 
guano is sujoerior to that of the ammonia salts obtainable 
therefrom. This is best proved by the proposal of Bunte and 
- Grahn (Ger. P. 47601) to increase the ammonia present in 
guano or superphosphates by passing the ammonia ofcfained 
from gas-liquor directly into superphosphate. For 20,000 cbm, 
gas I cbm. superphosphate, with 18 or 19 per cent, soluble 
phosphoric acid, is employed. The superphosphate is thus u.sed 
twice over, until 7 or 8 per cent. .N arc accumulated in it. 
According to Ries {Fischers Jahresher., 1S88, p. 91) this 
process has done excellent service at the Munich gas-\vork.s. 


AMMONI.A liV ('.ARBONI/.ING BONF.S, HOKN, LEATHER, 
Wool, Hair, and other .Animal Surstance.s. 

The carbonization of bo 7 ies is carried out on a large scale for 
the manufacture of bone-charcoal, a substance very largely used 
in sugar manufactories and for several other purpose.s. In 
Germany and France this was formerly generally done by heat¬ 
ing the bones in iron,pots, one on top of another, which are 
placed in large numbers in a furnace, heated by a fireplace built 
on one side of it. Thus the gases proceeding from the fireplace 
get mixed with those escaping from the carbonizing bones, and 
the ammonia contained *in the latter is too dilute to be con¬ 
densed ; but there is'also too little of it to begin with, as the 
temperature in this case is very high and most of the ammonia 
is destroyed. 

■ In England and Scotland, and nowadays also mostly on 
the Continent, bone-charcoal is generally made by heating 
the bones in iron or fireclay retorts, provided with condensing- 
apparatus similar to that af ga.s-works.. In these a kind of 
tar, called “ Dippel’s oil,” and .some ammoniacal liquor are 
collected. This tar consists to a great extent of pyridine 
derivatives, and is partly worked for these. ‘The ammoniacal 
liquor is worked up exactly like that^of the erdinary gas-works; 
it is probably more contaminated than the^Iajfer with pyridine 
bases. 

The proportion of ammonia formed in this case is much 
larger than when charring the bones in pots, as in the former 
process the gases are subjected to cooling 'immediately after 
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leaving the retorts, while in the latter they are exposed to the 
full heat of the fire-gases, and the ammonia is thus decomposed. 
Moreover, the temperature attained in the retorts is lower than 
that in the pots, which is jjrecisely the reason why many 
Contmfcnta! manufacturers prefer the latter system, as the 
bone-char is of better quality. 

The bones intended to be charred must be first freed from 
fleshy particles, etc., by steeping in water (preferably tepid) for 
twenty-four hours, and mechanical cleaning; they are then 
roughly broken up by fluted rollers and are submitted to the 
process of removing the grease. This formcrl)- always consisted 
in boiling them in water, preferably in a butt or pan, heated by 
a steam-coil, in which the bones were suspended in wire-w'ork 
baskets; after a few hour.s’ boiling, all the grease wa.s found 
floating on the top and was carefully ladled off, after which 
the baskets holding the bones were lifted out, ihoioughly 
washed, and at last dried by prolonged exposure to the air. 
Several processes have been introduced for removing the grease 
by washing with disulphide of carbon, benzoline, and the like, 
in specially constructed clo.sed appawitus, which admit of 
recovering the solvent, but which cannot be de.scribed here. 

The dry bones are sometimes at once submitted to the 
charring process, especially when this takes place in retorts; 
but where they arc to be charred in pots, the bones are usually 
first broken up by studded or fluted rollcrj, and the pieces 
sorted by machiner)-, so that the different sizes required by the 
consumers of bone-char are obtained beforehand. TJie smaller 
particles, w’hich are of very little value as char, are ground up 
into bone-dust for manure; the larger pieces arc separately 
charred. 

The retorts for charring bones fire sometimes horizontal, of 
a section similar to gas-retorts, and are fired in the same way ; 
sometimes they arc perpendicular, in which case they can 
be worked confinuously, part of the contents being from 
time to time witffdrawn ^t the bottom, and cooled without 
contact with air, wh'ile<fre.sh bones are being introduced at the 
top. The gases are conveyed away by # latefal tube near the 
top, and are first passed through a hydraulic main, or some 
similar apparatus, where they have first to traverse a shallow 
layer of water'; they then pass through a cooling-apparatus. 
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which may consist of a series of upright metal pipes, connected 
alternately at top and bottom, and cooled by air or by a water- 
spray, and afterwards through an ordinary scrubbfr. The 
remaining gases, which still possess a very disagreeable smell, 
are conveyed back into the rePort-fire and are therd* ‘burnt. 
Care must be taken to introduce them in a very hot place, so 
that the combustion may be complete. Of course it is preferable 
to promote the passage of the gases by an injector or exhauster. 

The condensing liquids are allowed to settle in tanks where 
the tar (Dippel’s oil) is separated; it amounts to 17 to 2 per 
cent, of the weight of the bones, and unless it is worked for 
pyridine, etc., it is mostly burned as fuel under the retorts. The' 
aminoniacal liquor is worked up like gas-liquor, as will be shown 
in Chapter XIV.; it generally yields from 6 to 7 per cent, of 
ammonium sulphate of the weight of the bones, of somewhat 
inferior quality and .strongly coloured. (If all the nitrogen 
contained in the bones were converted into ammonia, this 
would amount to 20 or 25 per cent, of sulphate.) 

A process sometimes followed in France consists in filtering 
the crude ammoniacaMiquor through a layer of plaster of Paris 
(sulphate of lime); the ammonium carbonate is thus transformed 
into sulphate, which is recovered by evaporation, insoluble 
carbonate of lime remaining on the filter. 

H. P. Lorenzen (Ger. P. 9989) passes the gases evolved in 
charring bones oyer fed-hot lime, where the tarry matters are 
burned, and condenses the ammonia in coke-scrubbers charged 
with dilute sulphuric acid. 

• H. J. and E. E. Castner (B. P. 4057, 1882) also carry the 
products of the continuous distillation of bones, along with air, 
through heated tubes, thence over hydrate of lime, and, after 
cooling, into sulphuric acid'.' [The addition of air and subse¬ 
quent heating would tend to destroy much ammonia.] ■ 

A material similar to the tar from bones, etc., is the “add 
tar" of the Scotch mineral-oil works. Froih this tar, which 
contains a considerable quantity of pyridifie bases. Redwood 
(/. Soc. Chem. Ind., 1891, p. 108) 'obtains ammonia by 
neutralizing the acid \ 4 ith lime and distilling with superheated 
steam, thus producing a neutral tar and 21 per cent; of the 
nitrogen present in the shape of NHj. 

Other animal refuse (wool, hair, skin, horns, feathers, sponges, 
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leather, and so forth) is principally employed for two purposes, 
namely, for manufacturing prussiate of potash and for manure. 
In the former case the refuse matter is sometime.s charged 
directly, or after being simply dried, into melted carbonate of 
potasB,«and in this instance of course no ammonia can be 
recovered. But sometimes the animal matters are first charred 
in retorts, exactly as has been described for charring bones, and 
the ammonia formed is recovered in the same way. It lias been 
found that the charred matters yield the same (piantity of 
cyanogen compounds as if they had been employed in the raw 
state, that is at most one-fifth of the quantity corre.spoiiding to 
their percentage of nitrogen (say lo to 15 per cent.). Hence all 
the ammonia recovered in the charring process would seem to 
be a clear gain ; but in spite of this not much is made in that 
way, as the expense of charring in retorts in aii)- case swallows 
up most of the profit. One thousand parts of horn on carboniz¬ 
ing furnishes, according to Duma.s, 500 parts of amuioniacal 
liquor of 8" to 10’Tw. and 160 parts of Dipiiel’s oil. Some of 
the ammonia can be obtained as a solid sublimate of crude 
ammonium carbonate. • 

The utilization of these refu.se animal matters for manurial 
purposes is effected in different ways. Sometimes they are 
exposed to the action of steam in closed cylinders, whereby they 
become friable, and are then ground up and mixed with super¬ 
phosphate, etc. Sometimes they are addtd without any pre¬ 
paration to manures otherwise prepa.ed, but in this case they 
disintegrate in the soil with extreme slowness. The most 
successful treatment of these substances seems to be : dissolving* 
them in hot concentrated sulphuric acid (which can be performed 
in cast-iron vessels), and utilizing that acid for manufacturing 
superphosphate. In this in.stance most, if not all, the nitrogen 
is converted into ammonia, as is done in Kjeldahl’s analytical 
process for determining the percentage of nitrogen. But this 
ammonia is, of coflrse, never .separated in the free state or in the 
shape of a salt, beiil^ at oiife incorporated with the other garts 
forming the chemiaal jnanurc. 

Another process admits of recovering the atnmonia as such, 
and is ako, as it were, based upon an extremely well-known 
analytical process, namely, the estimation of nitrogen by soda- 
limeT L’Hote trea'ts the refuse matters with a 10 per cent. 
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solution of caustic soda, in the cold or at such a moderate 
temperature that no ammonia is set free. The substances are 
thus converted into a pulp or completely dissolved. This pulp 
or liqiiiii is mixed with .slaked lime and the solid mass is 
charged into cast-iron retorts, where it is heated at fi.'St only 
gently, to avoid a destruction of ammonia, afterwards to a red- 
heat. The ammonia contained in the escaping gases is con¬ 
densed by means of sulphuric acid. The residue is composed 
of sodium carbonate and lime, and when treated with water 
the caustic soda is regenerated (no doubt only imperfectly), and 
can be used over again. 

II. I’roschwitzky (Ger. T. 10957) charges retorts with alter¬ 
nate layers of 1 part of refuse leather and 4 parts of lime. 
The gases evolved by heating are first passed through con- 
densing-apparatus for .separating tar, ammoniacal liquor, and 
crude ammonium carbonate, and thence into sulphuric acid. 
The remaining mixture of charred leather and lime is to be 
used as manure. The uncondensed gases arc used for heating 
the rctort.s. 

Th. Richters (Ger..-!'. i.Sjyq) .soaks le.'ither, blood, wool, hair, 
and other animal rcfu.se with a solution of carbonate of potash, 
dries the mass, and heats it in retorts, nut quite up to 
fusion. Ihe volatile products (ammonia, tar, and gas) are 
treated in the u.sual manner. The re.siduc contains potassium 
cyanide, cyanate, sulphocyanide, carbonate, hydrate, sulphide, 
and carbon. It is lixiviated with water in the presence of 
metallic iron or ferric hydroxide; thus the potassium cyanide is 
converted into ferrocyanide (prnssiatc of potash), -which is 
recovered by crystallization ; the mother liquor is used again for 
treating animal matters, and the caustic potash contained 
therein is converted into carbonate by admitting carbonic acid 
during the drying process. 

An altogether similar process for the simultaneous manu¬ 
facture of prussiate of potash and ammonia was tried as 
early as 1860-62, by myself, in company wieh another chemist, 
on a practical scale, and .some tons of. both products were 
manufactured; 'but tfie proce.ss was given up on account of 
the difficulty of preventing the mass from fusing in the 
retorts, which made its discharge a very awkward operation 
and rapidly destroyed the retorts. It is, however, possible that 
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these technical difficulties might be overcome. The ammonia 
is, of course, quite a secondary product in this case, the value of 
the prussijte of potash being far greater. 

W. H. Marriott ( 1 !. P. 4369, 1881) distils animal refuse in a 
Jciln by*>ntroducinf at the bottom a mixture of producer-gas 
and the exact quantity of air necessary for burning it. 

De llonardi (B. P. 29009, 1896) pas.ses city garbage through 
a continuou.sly working incincrating-furnace. 

. The experiments made by Mond (/. Sac Chcin. /in/., 1889, 
p. 505) for recovering ammonia from rcfu.se leather, with or 
without lime, did not yield any .satisfactory results. 

From “ Sec.schlick,” deposits containing a great deal of 
organic matter and probably of marine origin, found in large 
quantities near Stettin, the lleuLschc Ammoniakwerkc recover 
ammonia by destructive di.stillation, preferably in the moist 
state(Ger. P ! 15462). In Ger. P. 142505 they describe a furnace 
specially constructed fur that purpose. According to Knublauch 
(Ger. P. 137453) the yield o( ammonia is greatly improved if the 
“ Seeschlick ” is mixed with coal previous to the distillation. 

P. O. Rowlands (B, P. 7740, of 1912^ treats wool waste, 
shoddy, or the like, with a 5 per cent, solution of caustic soda, 
heated to about too", and subjects it to the action of an electric 
current having a densit)' of 25 nmp.s. per .square foot, whereby 
ammonia is freefy evolved at the cathode* 

A. T, Smith (B. P. 534,8, of 1913) mixes iva.sje leather with 
coal, slack, or coke, and limestone or lime, and treats it in a 
gas producer with a mixture of air and steam. About 70 per¬ 
cent. of the nitrogen contained in the leather is evolved as • 
ammonia, which is condensed in the usual way, combiKtible 
gas being utilized in any desired manner. 

Schreiber (Tier. P. 257188) produces ammonia from organic 
substance^containing nitrogen by causing them to act at about 
200” on masses containing hydrated iron oxides, whereby most 
of the nitrogen is converted into ammonia." In this way 80 per 
cent, of the nitrogcn»of pyridine and cyanogen compounds can 
be obtained as amnipflia.. * 

Stauber and Kochan (Fr. P. 4O4227) obtain ommonia from 
“ back-watpr slime,” peat, bitumen, etc., by dry distillation 
above 500°, preventing the decomposition of the ammonia 
vapours by dividing the furnace by water tubes into two 

4 
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compartments, in one of which a Rameless combustion proceeds, 
and in the other the gasification is effected by ignition, enhanced 
by steam. 

Am.monia kkom Pjoat. 

Several of the proce.sses for obtaining ammonia, described 
in the preceding sections, employ peat as an auxiliary, together 
with other materials. In this section we treat of the recovery 
of ammonia from peat where this is the principal substance. 

The importance of utilizing peat more than has been done 
in the past, also in the direction of turning its nitrogen to 
account, follows from the vast surface of land covered by it, 
Prussia alone posscs.scs about 6 million acres of peat land; 
the vast extent of this in Ireland is well known. Russia, 
Sweden, Norway, Holland possess vast peat lands; so does 
North y\mcrica. 

Peat contains a very considerable quantity of nitrogenous 
compounds, mo.st of it probably already in the form of 
ammonium salts, partly formed by the decomposition of 
organic matter, and partly absorbed from the atmosphere. 
The nitrogen found in it varies from l to 2’5 per cent, and 
sometimes amounts to 4 per cent; by destructive distillation 
the best descriptions jf peat yield up to 8 per cent by weight 
of ammonium sulphate; even inferior qualities yield about half 
that amount . * 

America possesses a va.st extent of peat lands, especially on 
the Canadian frontier, at the east coast, in the low lands of the 
Mississippi, and on the states on the Gulf of Mexico,* altogether 
about 140,000 square miles, and on an average 9 ft deep. 
The peat contained therein is believed to amount to 13,000 
millions of tons, from which on working it up for power gas, 
640 million tons sulphate of ammonia might be got as a by¬ 
product Even more extended are the peat lands in Alaska, of 
a depth of 15 to 20 ft in the south-west,'and 30 to 40 ft in 
the centre and the north. Up to novf nothing of this is 
utilized, but we perceive what enornxius supplies may be got 
therefrom in the futhre. 

According to researches made by Chuard {Comptes rend., 
cxiv.,p. i8i),the soil on the top of peat-bogs, which is distinctly 
acid, acts in a strongly nitrifying way, producing in three rhonths 
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0-020 per cent,, in six months 0-062 per cent., in twelve months 
,0-298 per cent. N.,Oj. Calcium carbonate here seems to have 
rather an injurious action. It is uncertain whether the nityfying 
process in this case is identical with that going on in ordinary 
soils. *• , 

The destructive distillation of peat yields a tar very rich in 
phenols, acetic acid, and paraffin, and it has been worked for 
the latter products in some parts of Germany and France, but 
is now probably quite superseded for this purpose by richer 
materials, as bituminous lignite, shale, etc. The cessation of 
this industry involved also that of the recovery of ammonia by 
the same process. 

Sometimes peat has been treated in s])ecially constructed 
gas-producers, where the ammonia is wa.shc-d out from the 
gas before using the latter for heating purposes. Such a 
“gazogene riistillateur,”con.slructed by Lencauchez,is described 
and figured in ('. Vincent’s Induslric des I'roduits niiiiiiotiiaarux, 
p. 82; but the recovery of ammonia in this case must proceed 
on the same lines as that proposed for gas-producers in general 
(see later on), and is equally unrcrflunerativc in most 
instances. 

H. Grouven has made a special study of the recovery of 
ammonia from |ocat, especially that obtained from certain kinds 
of moor-lands (“ Bruchmoore ” and “ Grunlandmoorc ”), which 
sometimes contain.s up to 3-8 per cent.'N. .'J’he principle 
of Grouven’s process (Ger. P.s. 2709, 13718, 18051) is, mixing 
the damp'peat with chalk (in order to fix the sulphur), heating 
this mixture in upright cylinders by means of the gases * 
remaining from the subsequent stages of the prf cesif, and 
passing the gaseous products of this destructive distillation 
through a "contact substance,” consisting of peat, chalk, and 
clay in equal proportions, moulded into the shape of drain- 
tiles, and heated in upright cylinders to a.proper temperature. 
Here the nitrogen* under the influence of the incandescent 
aqueous vapour, hydrocarbog.s, and hydrogen given off in fhe 
first cylinders, is, to«a great extent, converted into ammonium 
carbonate, which is condensed by calciunf sulphate and thus 
converted • into ammonium sulphate, or else by strontium 
sulphate (Ger, P. 34086). 

Grouven’s process was taken up by a company, and 
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prolonged experiments on a large scale were made with it, 
but without pecuniary success, in spite of the then high price 
of ammonia. The question of utilizing the very large quantity 
of nitrogen contained in peat is therefore not yet finally solved, 
as it would not stand competition with the processl.^ where 
ammonia is a by product. 

Riiderer, Loe, and Gumbart (Ger. !’. 53844) combine the 
recovery of ammonia and acetic acid from peat with that of 
charcoal, but offer no peculiarity in the treatment for ammonia. 

According to Kuntze (Ger. I’. 625<S9), on distilling peat, 
part of the nitrogen escapes as nitrates and pyrrol, and pyridine 
bases, amines, etc,; later on as ammonium cyanide and very little 
ammonia, A considerable formation of ammonia is attained only 
by superheating with .steam on a large surface of hot, porous 
material containing much lime. Even then most of the nitrogen 
remains in the coke, and is convertible into ammonia by super¬ 
heated air, saturated with steam. This he effects in the apparatus 
shown in h'ig.s. 334 and 235. A is the distilling-rhamber,/f’ flues 
for heating this; g a number of bell-.shaped cast-iron vessels 
which allow the vapour.s, but not the solid matter, to penetrate 
into the centre of the retorts. The partition ii divides the 
upper tlrj ing space from the lower distilling space. The steam 
produced in the former escapes by S, the vapours from the 
latter by B. The peat, after’ havifig pa.ssed through the retort 
and been concerted into coke, is conveyed through W into the 
gas-producer G, where the coke is gasified by means of super¬ 
heated, ,moist air. The vapours formed in A arc aspirated 
through B into a retort, C, filled with porous tar-cofce, contain¬ 
ing lime and kept at red-heat. The tar, ammonia, and vapours 
formed here deposit part of the tar in the hydraulic main D, 
the other tar and some ammonia in the water-scrubber E, the 
rest of the ammonia in the acid-washer E', and the volatile 
hydrocarbons in the oil-scrubber F; the remaining gases are 
forced through X into the retort fires. The gas-producer G 
furnishes gas rich in NH.., which^is carrA'd away by the flue 
H, serves for heating air in L, and is CDri,t>ej'ed into chamber K, 
in which wated is splashed about by paddles. Here the gas is 
cooled down to 100“ C. and leaves dust behind, containing a 
little ammonia, whilst the bulk of the ammonia is recovered 
in the sulphuric-acid scrubber Q. The gases are deprived of 
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most of the steam contained therein by cooling down to 30 C. 
by a spray of cold water in scrubber R, and arc now sufficiently 
dry to be.blown through O into the fire by means of blqjvcr f. 


The water from R, which is at 
a tempeTature of about So C, is 
pumped on to another scrubber 
T, into which air is forced by 
blower Z, and is thus reduced 



to 70” or So° ijnd saturated with 
moisture. The water thus cooled 
returns to*R; the moist current 
of air is superheated to 200' or 
300° and blown through M on 
to the step-grate .N, where it 



unites with the suptfrheated steam from A, aspirjited through S. 
The worm U constantly removes the a.shes from the producer 
G, in proportion as the coke i.s burned. The angle of the step- 
grate^N is sufficiently steep for the coke to sink down continu¬ 
ously from A, 


Fig. 2 , 
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Pieper (Ger. P. 87061) first dries and slightly distils the 
peat in a revolving retort and then heats this to a very low 
red-h^at, with introduction of steam. This produces CO.^, Hj, 
and NHj. The NH., is absorbed by sulphuric acid, the 
remaining gas serves for heating. Later on, Pieper,‘together 
with I'ellner and Ziegler, improved this process (Ger. P. 93705) 
by separately treating the gases from the distilling and steam¬ 
ing stages. After the first distillation the gases, containing 
two-thirds of all the ammonia, are by means of a valve conveyed 
into another channel; they are pa.ssed through a scrubber and 
contain merely H.,, CO, CO,, and NH^, so that they can be at 
once worked for pure ammonia preparations, whilst the gases 
from the first stage contain too much tar and must be treated 
in a more complicated manner. 

Fig. 236 shows the furnace used for the above process. The 
cylindrical retort A revolves in furnace B; C, inlet for steam; D, 
outlet for gases; i, 2, .stuffing-boxes; 7, 7, flanges resting on 
rollers 8, 8, turned by the cog-wheel 9; 10, carrying-worm, 
working in the case ii. If the retort is turned 180” from the 
position shown in the'figure, neck 12 connects with the charging- 
funnel E. As shown in the figure, the retort is discharged into 
the carrier F. The heating takes place by gas, entering through 
H and h into the mixing and inflaming charnbers N and Z'j, 
together with heated air through G. The mixture travels 
through ( 5 ;, and into chamber b\ the fire-gases travel through 
and before escaping through ij, where the heating of the 
air takes place. The steam-pipe C is connected by i with pipe 
' J, for superheating it. The outlet D can be connected by k, I, 
m wirti the pipes K, for steam (during the drying stage), L for 
gases of the distilling stage, M for the mixture of water-gas 
and ammonia during the last stage. A number of such retorts 
can be systematically connected. 

An English patent of Pieper’s (B. P. 28190, 1896) pre¬ 
scribes a series of six retorts, connected 'with one another 
for. continuous working by meafs of st'tam superheated to 
500° C. 

M. Ziegler deserfoes another furnace for gasifying peat with 
recovery of the by-products in Ger. Ps. 101482, 103507, and 
145374 {Z. angew. Chan., 1899, p. 204). It is a perpendicular 
oval retort, the lower part of which is made of fireclay, the 
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upper part of cast-iron, heated from the outside, and coking 
10 to 12 tons air-dried peat in twenty-four hours. The un- 
condense(J gases suffice not merely for heating the retorts, but 
also for the steam boilers, for lighting the works, and for 
driving gas-motors. Glinzer {ibid., 1901, p. 862)^ gives a very 
favourable report of the work done by Ziegler’s furnace at 
Redkino, in Russia, where by working up the tar and the 



< • 


, 1'" IG. 236- 

• 

aqueous distillate there is obtained from the peat 2 per cent, 
gas-oil, 0-5 per cent, creosote, 0 4 per cenh paraffin, 0 4 per cent, 
methyl alcohol. O'5 per cent, ammonium .sulphate, and 1'2 per 
cent, acetate of limel , , 

Woltereck obtakied a B. P. 1C504, of 1904, for the production 
of ammonia from peat by means of parsing* air and steam 
over or .through it at a carefully regulated temperature. 
An improvement on this is his process (B. Ps. 28963 
and ‘28964, of 1906), which provides fur retaining the 
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tar formed in the process, and which has an injurious effect 
on the quality of the produced acetate of lime and sulphate 
of amjnonia, by passing the hot gases through a,scrubber 
containing hot paraffin oil of a boiling-point about 300°, 
whereby the bulk of the tar is removed without simultaneous 
condensation of the water. The temperature of the peat is 
to be kept at 350" to 400", not above this, to avoid a 
splitting up of the ammonia. In order to regulate the 
temperature, Woltereck and the .Sulphate of Ammonia Co. 
(B. I’. 27905, of 1908) pass a portion of the gas remaining 
after the removal of the ammonia, which contains much 
aqueous vapour, into the furnace or gas-producer below the 
zone of reaction, where it gets mixed with the air introduced 
for carr)’ing on the process. According to. their B. P. 
15285, of 1910, they pa.ss a mixture of steam and a portion 
of the waste gases over the heated peat, taking care that the 
gaseous mixtures do not contain enough oxygen to form 
combustible gases. The temperature thereby rises to 600° 
to 800°. 

We have seen sufra (p. 1068) that Woltereck, apart from 
the nitrogen of peat, wishes to produce ammonia also from 
the nitrogen of air, which is to combine by contact action 
with the hydrogen furnjed in hi.s process. 

Woltereck carried on an experimental plant for his process 
at Willesden, pear* London, during two years. Then the 
Sulphate of Ammonia Co. took over his process, and proceeded 
to erect,a larger plant in Ireland. In Clitm. Trade /., xlii., 
' p. 143 (1908), it is stated that works for carrying out the 
Woltereck process were then in course of erection in the 
north of Ireland, near Carnlough Harbour, for an annual 
output of at least 5000 tons of sulphate of ammonia by that 
process. In trials on the large scale work had been con¬ 
tinuously carried on for several weeks; 585 tons of moist 
peat (containing about 200 tons of dry substknee) were passed 
through the furnace, and for ever.v 100 tons of dry peat a 
minimum of 5 tons sulphate of ammenUi was obtained, at a 
maximnm cost‘of ,^5, 8s. 3d. per ton. The moist peat is 
delivered into hoppers, and from these by means of automatically 
working sliding-doors into the furnace, through which passes 
a blast of air, charged with aqueous vapour, at a regulated 
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temperature. The gases contain paraffin, tars, acetic acid, and 
ammonia. They arc passed first through a hot scrubber, 
described in the patent, where the tar is retained, then tjirough 
a tower, fed with a hot solution of soda or milk-of-lime, where 
the acefic acid is absorbed in order to be afterwards utilized, 
and lastly through an acid tower, where they meet a stream 
of hot sulphuric acid. When this acid has been completely 
neutralized, the formed solution of sulphate of ammonia (which 
is the principal object of the process) is further concentrated 
and allowed to crystallize. The oil is drawn off from the 
paraffin-oil tower, when a sample solidifies on cooling. It is 
then subjected to distillation to remove the lighter oils, and a 
crude paraffin-wax, worth £4 per ton, remains wdthout further 
purification. The acetate .solution from the alkali tower is 
evaporated to dryness and di.stilled with sulphuric or hydro¬ 
chloric acid, to obtain concentrated acetic acid, or is subjected 
to destructive distillation to obtain acetone. The ashes contain 
potassium salts and phosphates, and can be used for manurial 
purposes. The [unnamed] reporter considers the Woltereck 
process, which is worked by the Sulphate of Ammonia Co., 
Ltd., to be the most economical proce.ss j'et discovered for 
the manufacture of nitrogenous plant-food, and a great benefit 
to the inhabita^its of the .extensive tracts of land occupied by 
peat bogs, of which there are more than 2,800,000 acres in 
Ireland. Enormous peat moors also Sxist in the United 
States, Canada, Newfoundland, Sweden, Norway, Russia, and 
Germany' (in Prussia about 5,000,000 acres, in Badfn 75,000 
acres, in'Bavaria 150,000 acres) hitherto almost entirely useless" 
(cf. p. n68). • 

A very favourable report on the Woltereck process has been 
made by the United States Coiftul at Birmingham [Chem. 
Trade Jf, 1908, xliii., p. 224). 

In a paper sent to the French Academy and read on 21st 
December 1908 (rn/w/to w/af, 1908, i.,p. 124), Woltereck reports 
that he has found_fhe nitrogen to accumulate in the residue to 
such an extent that'it greatly exceeds the percentage of nitrogen 
in the peat employed. This was observed "after four hours’ 
working,"but after six hours the percentage of nitrogen again 
. diminished, ultimately down to half of the original quantity 
[Compies rend., cxlvii., j). 1402; diem. Centr., 1909, p. 426). 
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Frank and Caro, in the discussion quoted supra, p. 1069, 
altogether deny the accuracy of the statements made by 
Woltereck on the results of his process, more particularly his 
assertion that he had obtained N113 from atmospheric nitrogen, 
in addition to that produced from the nitrogen of pe#t*itself, 
and they point out that the caloric energy of the peat is very 
incompletely utilized in the Woltereck process, which not merely 
furnishes no excess of heating-gas, but reciuires more fuel than 
that afforded by the peat treated. 

L, C. Wolff (Tcclinisclie Rundschau, 1909, p. 212) also 
criticizes the Woltereck process unfavourably. He points out 
that it is supposed to yield 5 parts of ammonium sulphate per 
too peat; but since the various de.scriptions of peat contain 
between 1 and 2 per cent, of nitrogen (calculated on the dry 
state), this would alone amount to 47 to 8-4 per cent, ammonium 
sulphate. A very great drawback of that process is the enormous 
waste of fuel. The circumstance that by Woltereck’s process 
peat with 75 per cent, moisture can be worked whilst that of 
Frank and Caro allows only 50 per cent., is not of great 
importance. ' 

Woltereck {codcni loco, p. 272) defends his process against 
the criticism of Wolff, but nothing new has come out of this 
controver.sy, and only ^ prolonged period of working on the 
manufacturing scale can lead to an ultimate judgment in this 
affair. , ' 

Ireland and Sugden (Ger. I’s. 175401 and 180141) pass air 
and steam over heated peat (or coke, lignite, coal; etc.), at 
"temperatures not above 500" C. In this case the carbon burns 
slowly,without visible glow, and hydrogen is formed, which in 
the nascent state combines with the nitrogen of the air. Since 
the heat of reaction is sufficient to maintain the process wuthout 
heating from without, their Ger. T. 176C16 states that,"after the 
reaction has set in, a mixture of air and finely divided water is 
to be introduced at the ordinary temperatui^;. According to 
their, Ger. P. 180141, coke, charcoal,Jignite, wood, etc, may be 
used in lieu of peat. The optimum terrvpeeature is 400“, but 
temperatures bfetwean 300° and 500° C. give commercially 
utilizable results. Hesides ammonia, also tar, hydrocarbons, 
and acetic acid are formed, and may be utilized. 

In a further German patent, No. 205006, Ireland and Sugden 
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prescribe dehydrating the peat mechanically down to 65 to 70 
per cent, water, and passing the mixture of atmospheric air and 
water in.the shape of spray or steam over it at a temperature 
not exceeding 500’ C. That partial dehydration of the peat is 
supposed to increase the yield of ammonia, and to facilitate a 
constant temperature in the retorts.' 

Guillot and Brisset (Fr. P. 375792. of 1907) burn the peat 
in kilns, like lime-kilns, with limited access of air, so as to make 
the combustion slow, with or without injection of steam, and 
bring the gases into contact with suitable absorbents, liquid or 
solid, such as superpho.sphates, for absorption of the ammonia. 
In their Fr. P. 375792, they describe a special kiln for that 
purpose. 

Miintz and Girard (B. P. 16162, of 1906) obtain nitrate of 
lime by impregnating peat, arninged in beds, with carbonate 
of lime and ammoniacal salts, so as to form a progressive 
nitrification and effecting the double decompo.sition of the 
nitrate of lime, obtained by the preceding treatment, with 
carbonate of ammonia, produced by the distillation of 
the peat. « 

Dromain (Fr. P. 392979, of 1907) constructs flues in the 
peat-bog itself or its immediate vicinity, in the shape of 
simple trenchfs covered with iron plates, and in these the 
peat is burned. The flues extend to the ammonia-recovery 
plant, and artificial draught may be necessary, if the distance 
be great; they arc packed with ory peat, overlaid with 
wet peat; 

An a'pparatus for obtaining ammonia from peat is described- 
in the B. P. 1676, of 1914, of the Rigby and Wet-Carbonizing 
Co., Ltd. 

Jones and Suarez (Ger. P. 220670) pa.ss air and steam over 
heated peat at temperatures below 500"; the gases coming out of 
the apparatus, which after the removal oj tar, ammonia, acetic 
acid, etc., consist* essentially of CO,,, N, and .steam, are taken 
back into the furnace conl^rining peat, and enter it below the 
zone of reaction, #w^re they are mked with the necessary 
quantity of air. This is suppo.scd to causo»a coftsiderable saving 

‘ The contention of Frank, Caro, and Wolff (vide supra) that there 
IS no^ conversion of free atmospheric nitrogen, but only that of the organic 
nitrogen into peat, is also applied tp the processes of Ireland and .Sugden, 
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,of steam, and to allow o'f an easier regulation of the temperature 
of the reaction space. 

Th^ process of Ward and Stanley (mentioned by Kdler, 
Z. angew. Chem., 1909, p. 1445) does not seem to differ 
essentially from that of Woltereck. ** 

Ekenberg (/. Soc. Che.m. hid., 1909, p. 511) states that by 
the process of" moist combustion ” 79 per cent, of the nitrogen 
contained in peat can be changed into ammonia. 

Lymn (B. P. 17074, of 1909) finds that by superheating 
the air-steam blast before entering the producer, peat containing 
60 to 70 per cent, water can be used, and that much ammonia 
and good gas is thus obtained. The superheating by itself 
is not new, but the way in which the inventor carries it out, viz., 
burning about 20 per cent, of the gas produced from peat of 60 
per cent., and thereby overheating the air blast to be employed 
as above. Cf infra, the detailed description of the Lymn 
process. 

Guardabassi and Goutliard (Fr. P. 464591 ; J. Soc. Chem. 
Ind., 1914, p. 473) describe a regenerative oven for carbonizing 
peat, etc., with recovery of by-products.- 

Process of Frank and Caro .—Another way of utilizing the 
vast stores of peat in various countries is before us in the 
application of the Mojid gas-process, describ(^d infra. Peat 
by itself is not a . very good object for destructive distillation, 
and A. Frank, jn Z. angew, Chem., 1898, p. 17, expressed 
himself very sceptically as to the fate of all proce.sses for 
obtaining, ammonia, etc., by the distillation of peat. 'But just 
“the same distinguished practical chemist has later orf pointed 
out that peat, when having been lying long enough in heaps, 
might be gasified, in order to supply power for central electric 
stations. This proposal has become much nearer to fulfilment 
by the observation made by N. Caro and the English Mond 
Company, that peat can be easily treated in Mond producers 
even when containing up to 50 per cent, whter, and that in 
doing so 70 to 80 per cent, of the nitrogen contained in 
the peat can be obtained in the form of sulphate of ammonia, 
together with a Very pure and uniform gas, eminently adapted 
for driving gas-motors. Bavarian peat, for instance,*contains 
about 0-5 per cent., sometimes, however, up to 3 per cent, 
• nitrogen. The latter would pay, for the Mond treatment by 
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the ammonia alone, leaving the gas and the power obtainable 
by it free of expense. 

The publications b>' Dr Nikodem Caro on that .subject are 
found in Z. migra\ Chem., 1906, p. 1569; Vlnckituf, 1907, 
p. 87? f Mitt, d, ! s. I'ordcr. d. Muorkultur, 19C17, p. 295 ; 
Turjiager ah Kraftqiicllen, Danzig, 1907; Die S'tiikstotffrage in 
Deutschland, YitrYm, 1908. The Ger. 1 ’. of Caro is 198295, the 
U.S. P. 970883. 

A. Frank in Z. angew. Chem., 1908, p. 1597, reports on the 
results obtained with the Mond-Caro proce.ss in working-up 
raw peat, with 40 or 50 per cent, water, at Sodingen, in 
Westphalia. This peat contains on the average 1-05 percent, 
nitrogen and 3 per cent. ashc.s. When working-uj) 45 tons per 
day, they obtained per 1000 kg. dry peat up to 2800 cbin. gas, 
containing 17-4 to i8'S vol. per cent of CO„9-4 to 11 of CO, 
22-4 to 25-6 of H,,, 2-4 to 3'6 of ClI^, and 42-6 to 40 () of N ; 
calorific power 1400 calories per cubic metre, equal to a yield 
of 1000 actual h.p. hours per ton of dry peat Tlie yield of 
ammonia was up to 40 kg. sulphate per ton,/.<■., nearly four times 
as much Nil.,as the yield from real coal at gas-works and coke- 
ovens. When using peat, with l or i-l percent nitrogen at a 
price of 2 mark per ton in the damp state (50 per cent, water), 
with good wages and 15 per cent for interest and amortization, 
a plant of 1000 h.p. supplies the h.p. per year at 40 to 50 
mark, equal to the chea[x.'.st water-power in Scandinavia or 
Switzerland. In the case of “green-k.nd" moors, with 1-5 to 
2-0 per cent N, the NH. pays all expenses and the power costs 
nothing.* In this way the German moors, which cover 2 j nullion... 
hectares (say 5 million acres), could be made to yield power to 
the amount of 3 million h.p. 

The method worked out by Nic. Caro and -\d. Frank 
avoids the drawbacks inherent to the former processes for 
obtaining useful products from peat. It consists in exposing 
the peat in gaS'^roducers to the action of air and steam, in 
such a way that the total^organic sub.stancc is converted into 
a heating-gas, wi^h'.recovery of valuable by-products. The 
process can be conducted in such a wa^' that the periods of 
drying and of distillation are going on in the same place and 
at the same time, and that peat containing up to 60 per cent 
wat6r, and in the’ state of coarse powder, can be cmploj’cd, 
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since it anyhow arrives at the proper zone of gas-producing 
in the state of lump-coke. Peat of that description is obtained 
by spontaneous drying nearly all the year round ; nor is it 
damaged by torrents of rain, since peat, after being dried, never 
takes up more than 50 to 60 per cent, water. Herrct it is 
possible to obtain from peat all the year round a pure gas, 
possessing a strong heating power, and quite specially adapted 
for generating electricity, which converts the peat-bogs into 
sources of power of the first rank. The current generated in 
this way is particularly economical by the fact that, alongside 
with the power-gas, S5 per cent, of the nitrogen of the peat 
can be obtained in the .shape of rtwwow/rt, since the “organic 
nitrogen ” of fresh peat is completely transformed by steam 
into ammonia, whilst this is not the case with dried peat. The 
steam for this purpose is employed in exccs.s, ju.st as in Mond’s 
process, and a new feature is the overheating of the mixture 
of air and steam to 400“ to 500", before it enters the producer. 
In this way from I ton of the peat (calculated as dry) of the 
ordinary contents of i per cent, nitrogen, roundly 40 kg. of 
sulphate of ammonia in obtained, together with so much power- 
gas of 1250 to 1350 metrical heat-units, that per ton of dry' 
peat-substance 550 to 650, in continuous work even 900, 
electrical horse-power hours are obtained. 

This procc.ss is, of course, only applicable on a very large 
scale. Its e.sscntial advantage is this: that in working up the 
peat only one by-product is obtained, which is easily .saleable 
and stands transportation to great distances, and that it supplies 

—power to mairy industries requiring a very cheap source of 
energy, like many electrochemical processes. 

A lively controversy lias arisen as to the priority of this 
invention, in which Lymn '{Chem. Zeit., 1910, p. 1355 ; 1911, p. 
133)1 N- Caro (Jhid., tQll, p. 133), Woltercck, and others have 
taken part, but which we must of course leave aside here. 

In the Chrm. Trade /., 1909, xliv., p. St, h is claimed that 
the process in question is entirely,a Britishpnvention, Messrs 
Frank and Caro being merely the consulting chemists for the 
German Mond Gas Company (a branch of the British Power 
Gas Corporation), and having published some results under 
their own name. 

, Frank and Caro energetically object to this way of sta'ting 
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the case. The Mond Gas Corporation (with which they are 
on most friendly relations) at their Staffordshire works do not 
gasify peat, but coal, by the “ Mond gas-process,” described 
infra, and they do not, like Frank and Caro, distribute 
electrftfty, but gas. The applicability of their process to 
partially dried peat has been proved by Caro a^ the Stockton 
works of the Mond Company, and only subsequently the 
Mond. Company has taken up the process. 

Rossi (/. Soc. Arts, 1915, p. 162) de.scribcs the factories 
at Orentano and Codigoro (Italy), where dried peat, containing 
25 per cent, of water, is carbonized by the Mond process in 
turret-shaped ovens, 26 to 33 ft. high. h'roin l ton of peat 
containing 2-5 per cent. N about 175 lb. of ammonium sulphate 
are obtained at a cost of from 4s. lOd. to 5s. yd. per cwt. The 
factory at Orentano has been working since 1910, the present 
daily capacity being iSoo cub. ft. of peat, yielding 50 tons of 
ammonium sulphate per month. At the works at Codigoro, 
operated since 1912, 150 tons of drierl peat, yielding 10 to 12 
tons of ammonium sulphate, are treated daily. 

F. M. Perkin (/. Inst. Petrol. Techiwlo^iiists, 1914, i.,pp. 76-84) 
states that the destructive distillation of peat yields a thick 
tar containing paraffin wax, and an aqueous distillate containing 
ammonia, acetic acid, acetone, and methyl alcohol. 1 he 
gases evolved are sufficient to carbonize the peat if it has been 
previously dried down to 20 per cent, water. C^oke hard enough 
for metallurgical purposes is obtained from suitably dried 
briquetted peat. P'rnm 11 to 22 Ib. of ammonium suljihate per 
ton is obtained. If the cost of dried peat does not exceed - 
4s. 6d. per ton, the production of oil and carbon should be 
remunerative. 

The same author (/. Aoc. Chont. Ind., 1914, p. 395 ) 
cusses the recovery of by-products from peat. In Isngland 
there are upwards of 6,000,000 acres of peat bog with an 
average depth of^ 12 ft. In Ireland there are 3,000,000 acres 
of peat bog, some bf the b,pgs being very deep. Peat as dug 
contains 30 to 90 ppf pent, water, and must be dried down as far 
as 20 per cent, water, if peat coke is to be ryie oPtlie by-products. 
Every acre would yield from 3000 to 35^0 tons of such dried 
peat. The removal of the moisture, either by hydraulic 
presiure or by air-crying, is rendered difficult by the cellular 
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structure of the peat which must be broken up by maccrating- 
machinery, for which many patents have been taken out, or in 
other suitable ways. By coking Scotch peat Perkin obtained, 
besides oils, phenols, etc., 30-2 lb. ammonium sulphate per one 
ton of peat; from Doncaster peat, 21 lb. ammonium sulphate. 
In Canada power-gas is made from peat, for which purpose it 
may contain 50 per cent, moisture; the yield of ammonium 
sulphate is more than sufficient to pay all working expenses, 
so that the power-gas is obtained free of cost. 

Stauber and Kochan (B. P. 41, of 1914; Fr. P. 464227) 
describe an apparatus for producing ammonia from peat. The 
Ger. P. 284178 is taken out by the Torfentgasung Stauber 
G. m. b. H. Inside the furnace are placed water-pipes or boxes, 
provided with inlets and outlets for water and steam, in such 
a way that they divide the space into two chambers. Steam can 
be passed from the top on to the red-hot mass. By means of a 
fireplace at the bottom o.f the furnace, this i.s brought to a red 
heat; when this ha.s been attained, the fireplace is emptied 
ajid the process goes on by itself. The two chambers are 
worked in turns; whan one of them is half finished, the other 
one is charged, so that both chambers are only temporarily 
filled. The work goes on continuously and the gas is very 
quickly withdrawm from the region of high temperatures, 
thereby producing an nicreased conversion of* nitrogen into 
ammonia. 

Rigby and VVet-Carbonizing Co., Ltd. (B. P. 16918, 1914; 
Ger. P. 275091), state that peat should be gasified by-steam in 
- such a way as to maintain a steady moisture content. ■ 

Ammonia from Bituminous Siialj;. 

The distillation pf bituminous shale for the purpose of 
obtaining oils and paraffin is a very important industry, and 
has attained very la'ige proportions, especially in Scotland, 
where a suitable raw material is abundant.* In converting the 
oils,ammoniacal liquor is also obtained., Atcdrdingto Redwood, 
Bell already iri 1*865 sulphate of ammonia as a by-product 
of treating bituminous shale in Scotland. Maty^ of the 
processes latterly proposed for the recovery of ammonia from 
coal (see below) equally apply to bituminous shale, and npdd not 
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be described here. We will mention only the patent of Playfair 
(B. P. 3977, 1S82), who mixes with the shale, before introducing 
it into retorts, an alkali or alkaline earth, for the purpsse of 
increasing the proportion of nitrogen given off as ammonia; 
and tha!*of A. Neilson and J. Snodgra.ss (B. P. 4992, 1883), who 
after having worked off the whole or nearly the whole of the 
oil in the ordinary way, either in horizontal, or vertical, or 
inclined retorts, introduce a mixture of air and steam, all 
external heating being di.scontinucd. The air burns the 
carbonaceous matter remaining in the retort, and the increased 
heat causes the evolution of a large amount of ammonia in 
addition to that obtained in the primary distillation. 

In the preceding section we have noticed several processes 
applicable to peat and coal as well as to shale. The recovery of 
ammonia from shale is treatc<l at length by Beilby (/. Sar. 
Cheni, Ind., 1897, p. 876), Redwood {ibid., 1894, p. 108), 
Hcndcr.son [ibid., 1898, p, 984), Ilcusler [Ikr/. Her,, 1897, 
p. 2743 ; Z. nugew. Cbeui., 1898, p. 65), Henriquc.s {Cheui. Kcv., 
1898, p. 61), and especially in a ma.sterly way by Boverton 
Redwood (“A Practical Treatise on Mineral Oils and their 
By-products,” l-ondon, 1897). We need not go into particulars 
here, as the recovery of ammonia from shale resembles very 
much that from gDal. • 

The processes in which the yield of ammonia from bituminous 
shale is increased by means of steam, which apply just in the 
same manner to coal, will be dealt with in the next section. 

According to Young and Beilby, Scotch .shale on dry 
distillation* yields for loO parts of nitrogen contained in it 
I7-t) per cent, ammonia distilling over, 20-4 per cent. oT the 
nitrogen being contained in the tar, 62-6 remaining in the coke. 
If, however, steam is blown into th^ red-hot retorts, as will 
be described in the next section in the case of coal, the pro¬ 
portions arc changed to 74-3 per cent, as.amnnonia distilling 
over, 20-4 in the far, 4 9 in the coke. Hence by applying 
1-28 parts steam tg'i part«shale, about 70 per cent, of all 
the nitrogen present is fecovered in the shapq of ammonia. 
The gas formed at the same time has ttie following com¬ 
position; COj, l6'6oper cent.; CO, 8-io per cent.; CH<, 2-30 
per cent,; H, 28-6 pej cent.; N, 44-4 per cent. 

The enormous extent which the production of ammonia 

4F 
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from shale has acquired in Scotland will be appreciated from 
the statistics we shall give later on in connection with the 
manufacture of sulphate of ammonia. In this place we only 
quote the following table, found in the Forty-third Annual 
Report on Alkali, ete., I Forks, p. 164. ^ 


y*'ar. 

Total shslo mmitij 
ni tlio 

Uinteij Kiiigdoni. 

Huliilmtf'ofaninionis 
ri-( ovdr«*«i from 

Uie 

Yifld in Ihs. per 
ton of shale 
niine>I. 


Toms. 

Tons. 


1897 

2 , 223.745 

37,153 

37-4 

i 8 <j 8 

2,137.993 

37,264 

39*0 

1899 

2,210,814 

38,780 

39-3 

1900 

2,282,221 

37,267 

36-6 

1901 

2,354,356 

40,011 

38.2 

1902 

2,107,534 

36,931 

39*3 

T903 

2,009,603 

37,353 

41-6 

1904 

2,333.062 

42,486 

40*8 


2,496,785 

46,344 

41 *6 

1906 

2,546,522 

48,334 

427 


I, Ammonia kkom Coal. 

Quite apart from the nitrogen forming four-fifths of our 
atmosphere, there is an enormous quantity of it existing in the 
form of organic sub.s^ance and of products emanating from its 
decomposition. But for all practical purposes this is not of any 
great importance as a source of ammonia compounds in com¬ 
parison with coal. Although only a small proportion of the 
nitrogen from coal is utilized in the .shape of arhmonia, the 
great bulk of our requirements of ammonia is up to the present 
supplied from this .source. 

Percentage of Nitrogen in Coal. —The quantity of nitrogen 
in coal is very much griftiter than that contained in the fresh 
vegetable matter which forms its original material. Such 
vegetable matter ;arcly contains more than o-i per cent. N, 
whilst in coal we find from 10 to 20 tinges as much. This 
excess of nitrogen may have been partly absorbed from the 
atmospherq in the shape of ammonia, but in all probability 
much of it represents the remains of the animals which lived 
during the growth of the coal-forming forests or swamps; just 
as we must attribute the same origin to the nitrogenous 
substances contained in bituminous shales. 
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The amoinit of nitrogen-in coal varies from about l to 2 per 
cent. According to Dr C. Meyinott Tidy (communication to 


the Author), coal contains:— 

From Wales . 

„ I.ancashirc . 

„ Newcastle . 

„ -Scotland 

VV. Forster {Pm\ hisi. C/:'. 
obtained :— 


o-yi per cent. N. 

• >-=5 • 

■ i '44 

Jxxvii., part 3, p. 23) 


From Welsh anthiacitc . o-yi per cent. N. 

„ English coal . 1 66 to 1-75 „ 

„ Scotch canncl . . i*aS „ 

Kmiblauch (/. Casbikitcht., 1.S83, p. 440) found in live 
VVestphaiiaii coal.s from 1-215 to i-Ci2 per cent., in two Fngli.sh 
coals I- 102 and 1-443 P^-’r cent. N. 

E. Schilling (“ Inaugural Dissertation,” Munich, 1887) shows 
the mo.st previous cstimatioms of nitrogen in coal, made 
according to the method of Dumas or with soda-lime, are 
inaccurate, in which he agrees with Forstci; and Schmitz {^Stnhl 
n. Eisen, 1886, p. 47). By Kjeldabl’s method he obtained the 
following results;— 


Westphalian coal (Consolidation) 

i-50-r49; 

avci-aj;c 1-50 % N. 

.Saar coal (Hcinitz I.) . 

!'0(;-I-02 

„ I -06 „ 

Silesian coal (Louise) .... 


'-.15 „ 

Bohemian coal (Liltiz). 


w ^ ‘jd „ 

Saxon coal (Burgcrj3''e\\) 

1-25-1-15 

>, 1-20 „ 

English (Bolton gas) .... 

I 49-'-40 

.■ '-45 „ 

Pilsener cilnnel coal (Plaltenkohlc) , 

I- 5 I-I -46 

« '-49 

Bohemian lignite (Falkenau) 

o*56-o*48 

.. 0-52 ♦, 


A great many aiialyses of coal, with quite similar results, 
has been made by Drehschmidt (/. Viasbelcucht., 1904, pp. 677 
et seq). ' 


Production of Ammonia in the Manufacture of Coal-gas 
' . aM Coke. 

Only a small proportion of the nitrogen *ont^ined in coal is 
utilized in <he shape of ammonia. More than 90 per cent, of 
the coal consumed is used in such a way that the recovery of 
ammonia from the products of combustion is nearly or 
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altogether impossible ; and of the remaining lo per cent, only 
that portion is realty fully utilized for the production of 
ammonia from which coal-gas is manufactured; while the 
recovery of ammonia from coke-ovens, about which more will 
be said hereafter, is still comparatively little devEToped in 
most countries'except Germany, but is showing a steady increase 
in Great Britain during the last few years, as the statistics to be 
given hereafter will show. A notable quantity of ammonia is 
also recovered at the Scottish blast-furnaces fed with raw coal 
{rf. later on). 

A paper on the formation of ammonia during the carboniza¬ 
tion of coal in an electrically heated tube has been publi.shed 
by Simmersbach {J. (ins Lighting, cxxxi., p. 246). 

Since the great bulk of the ammonia compounds up to the 
present time is obtained as a by-product in the manufacture of 
ordinary coal-gas, and the latter is unlikely to increase at the 
same rate as the consumption of ammonia, in view of the 
extension of the .sy.stera of electric lighting, the question must 
necessarily arise; What will be the state of things if the 
demand for ammdnia should exceed the supply? That 
emergency seemed inevitable at one time ; and in consequence 
of this it was at once proved that a further enormous source 
of ammonia was present in the method of_ carbonizing coal 
which is practised in the production of coke for metallurgical 
purposes. The progress in this direction was not at first very 
rapid, owing to the sudden fall in the price of ammonia, which 
alone proved that the demand had not as yet exceeded the 
supply. When such is the ca.se, however, coke-ovens will no 
douBt be generally recon.structed for the recovery of ammonia 
as well as of coal-tar, which is always produced at the same 
time as the former, and < 5 f which we have'treated at length in 
Chapter II. Only when this second source of ammonia has 
been drawn upon to a large extent will it become probable 
that the further means for increasing the production of ammonia, 
as described in this chapter, will he turned to profitable account. 

We must, of course, refer here to the^ vast changes in the 
sources for supplyhig ammonia, brought about by its synthesis 
from elementary nitrogen, which have been discussed at length 
in a former part of this chapter, pp. 1054 et seq. 

In the destructive distillation of coal, as practised at the. 
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gas-works, for the main purpose of obtaining illuminating- 
gas, it is necessary, in order to purify the gas, to subject it 
to cooling and washing with water (“scrubbing"). In this 
process two products are obtained from the gas—an oily and 
an aque 38 s substance, which, by settling in tanks, separate from 
each other, and form tnr iind gas-liquor. The former has been 
treated of at length in the preceding part of this book. The 
latter, which is always obtained along with tar, comes from the 
hydraulic main, the condensers, and scrubbers ; the liquor from 
the hydraulic main, on account of the tem[)crature, being poorer 
than that from the .scrubbers. I’robabK- in every gas-works all 
the liquors are united, and either sold or treated in common at 
the works. Some liijuor always remains incorporated with the 
tar, and is obtained in further settling and di.stilling it (pp. 384 
and 4.)5) ; but this is comparativeh- a .small quantity, and is 
generally run to waste by .such of the sitialler tar-distillers who 
have not at the same lime a contract for gas-liquor. 

Some more ammonia condemses in the oxide of iron purifiers, 
and is hence contained in the “spent oxide” {infra, p. 1206). 

A description of the conden.ser.s and scAubbers used at gas¬ 
works, of which there is a very large variety, does not enter 
within the scope of this treatise, as that subject belongs to 
gas-making proper. (Something will be said on this head 
wi the section on coke-oven.s.) We will, hrjwever, mention 
that by “virgin gas-liquor” is uiider.-tcod th!lt w^iich condenses 
from the gas in the hydraulic main and the air conden.ser.s, 
and which is sometime.s, but rarely, collected by it.self, without 
mixing it tidlh the other liquor obtained in the .scrubbcr.s, by 
wa.shing the gas with water or weak liquor. Generally aH the 
liquor runs into the same tank. 

Yield of Animouia in the Mnnufactiire oj Coal-gas .—VVe 
have seen (p. 1185) that coal contains from 1 to 2 per cent, 
of nitrogen. Hut in the process of dccstructivc distillation 
nothing like the whole of this nitrogen escapes in the form of 
ammonia. As early^as 1863,^. W. Hofmann stated that coal, 
in carbonizing, only yieldiione-third of its nitrogen, two-thirds 
remaining in the coke. VVe cannot woinjcr at this, if we 
consider that some of the well-known jiroducts of the distilla¬ 
tion of coal-tar possessing the highest boiling-points, as carbazol 
and its "congeners, contain 6 to 8 per cent, of nitrogen. Dr Tidy 
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remarks that the four descriptions of coal, whose percentage 
of nitrogen is stated on p. 1185, if all their nitrogen reappeared 
in tlje gas-liquor, would yield per ton of coal from 142 to 
226 gall, of liquor at 4" Tw.; while in practice rarely more 
than 45 gall, is obtained, usually only 25, in Londdn about 
13 gall. 

W. Foster (/. Chcm. Soc., xliii., p. 105) showed that, of 100 
parts of nitrogen contained in coal, there was obtained, in a 
laboratory experiment, 

i/)'5o parts as ammonia. 

1-56 „ as cy.anogen. 

35'26 „ in the elementary condition (as part of coal-gas). 

/) 8’08 „ remaining in the coke. 

Watson Smith (/. Soc. Chcm. lud.. 1883, p. 43S) found that 
coal-tar, which Fo.ster neglects in his calculations, contained 
1-667 N (pitch containing 1-595, ‘‘■id coal-tar oils 

about 2 per cent.); that is, not quite o-1 per cent. N calculated 
upon the coal from which the tar is derived. In coke, he 
found:— 

Ordinary gas-retort coke . . 1.375 per rent, nitrogen. 

Iteehivc coke.0-511 „ „ 

Coke from .Simon-Carves ovens . 0-3S4 „ „ 

This shows that much le.s.s nitrogen is driven out of coaj 
during the shprt process of gas-making than during the long- 
continued proce.sses used in the manufacture of metallurgical 
coke. 

Cl. Winkler {jahresber. f. ]icrg- u. linllenwcscH Sachsen, 
18841) quotes results of an experiment made in coke-ovens, 
where 28-7 per cent, of the nitrogen of the coal employed 
remained in the coke, and 71-3 per cent, e.scaped'with the gases. 

Brunet (/. Soc. Chcm. Ind., 1899, p. 568) was able.,to increase 
the yield of ammonia from 4-10 to 4-83 lb. per ton of coal by 
simply keeping a layer of water at least 3 ft."deep on the surface 
of the tar in the tanks. ,, 

Knublauch (/. Gasbelcucht., 1883, p. .440) found, in three 
cases, that 31'to 36 per cent, of the nitrogen contained in the 
coal remained behind in the coke. Of the total nitrogen 
contained in five descriptions of Westphalian coal, only from 
10-7 to 13-7 per cent, was recovered in the shape of ammonia; 
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of two English coals, 9-39 to 24-34 per cent. He estimates 
that of 100 parts of nitrogen there is recovered— 

In the coke.31 to 36 parts.. 

As ammonia.10 „ 14 „ 

ferrocyanide in the spent oxide . I’S „ 2 1, 

In the tar .i-o „ ‘1-3 „ 

leaving about 50 parts of elementary nitrogen in the coal-ga.s. 

E. Schilling (“ Inaugural Dissertation," Munich, 1887) found 
the percentage of nitrogen in real coal = 1-22 to 1-39, in 
Bohemian Plattenkohle = i-oo, in browncoal = 0-58 ; but with 
this should be combined the yield of coke, which varied from 
40-5 to 74-2 per cent, of the coal; and we thus get the following 
table respecting the distribution of the nitrogen in coal:— 



I. 

100 parts of Coal contained 



Nitroj'ttn. 

West* 

jihahsn. 

Enfflivli 

(Dolton). 

Silesian. 

Dolio- 

itnaii. 

Saxon. 

ii 

'1 

Saar, 

; 

Boltotn. 

Caiiiiel. 

lioliBin. 

Blown- 

coal. 

Total, 

1.50 

■• 4 S 

J -37 

1-36 

1.28 

; 

I-00 ' 

1.49 

0-52 

Left in coke 

0'96 

I-02 

0.95 

0-77 

0.86 

o -«5 i 

0-56 

0*23 

Volatilixed . 

0-54 

0-43 

0*42 

0-59 

0-31 

0*21 ji 

ii 

0-93 

0-20 


11. Vf TOO parts of Nitrogefi reappeared 


In the coke. 

80 

72 

70 

'9 

64 

* Ii 

57 ji 

44 

38 

Volatilized . 

20 

28 

30 


36 

43 1 

56 

62 


In order to test the actual yield of ammonia, E. Schilling 
made a large number of experiments at the Munich gas-works 
with a workfng retort .specially fitted up for this purpose, but 
otherwise working under the normal conditions of gas-making 
and at a temperature of 1160'’ to 1220" C, as determined by 
Prinsep’s alloy.s. • He always made corresponding experiments 
without and with addition of lime, employing 2j per cent, of 
the coal (Cooper’s^ proc.ess). 

His experiments clearly showed tha^th(?c6al containing 
most nitrpgen did not necessarily yield the highest proportion 
of ammonia; that even in real coal the proportion of nitrogen 
recovered in the shape of ammonia may vary from 6 4 to 17-4 
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of 100 total nitrogen, that is almost as 1:3; and that “liming” 
the coal has, in some cases, a very slight effect, and may even 
cause_a decrease in the quantity of NHj, whilst in other cases 
its effect is very considerable, viz,, an increase of 307 per cent, 
in the case of English (Bolton) and of Saxon coal, ff stands 
to reason that among the infinite variety of English gas-coals 
the difierences will be quite as pronounced. 

By a special scries of experiments on a working .scale. 
Schilling completely disproved the .statement that the in¬ 
crease of ammonia by “liming" (cf. hifvn, p. 1200) is due to 
the water of hydration of the lime increasing the quantity 
of steam present in the retort; the contrary is decidedly 
the case. 

Schilling believes it probable that the greater or smaller 
proportion of the total nitrogen has some relation to the per¬ 
centage of oxygen in the coal, those coals which contain less 
oxygen generally giving out more of their N as NH, thanwr 
vena. But this observation did not hold good in all cases, and 
would certainly require more extended investigations to be 
corroborated. 

By experiments on the small scale, Miiller [Stahl it. Elsen, 
l8SiS, p. 82) found that only one-fifth of the nitrogen of coal 
is recovered as ammonia, and that mo.stly during the later 
period of the distillation of coal. This was confirmed by 
Hennin (/. (las Liv/i/iu^ 1892, p. 296) who finds that the 
formation of NH,, takes place principally about a temperature 
of 1000“ C.; higher temperatures are not favourable, and below 
a bright red-heat the formation of NII,j cease.s, thu's proving 
this W be a secondary product. The hydrogen necessary for' 
its formation, according to this author, comes from the 
“ constitution water ” of coal, as verified by the fact that of the 
nitrogen of coal only 10 per cent, is transformed into NHj 
in gas-retorts or coke-ovens, but 15 per cent, in bla.st-furnaces 
with steam-blast ' 

The opinion formerly prevalent [S/ahl u. Eisoi, 1889, 
p, 482) that already at the comparatively 4ow temperature of 
780” C. a dissociation of ammonia takes place, has not been 
confirmed in practice; on the contrary, the formation of 
ammonia increases with the temperature. But according to 
Jicinsky [Oesterr, Z.fBcrgti. Hhlten., 1888, pp. 527 and 541) the 
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nitrogen of different descriptions of coal has a different inclina¬ 
tion to combine with nascent hydrogen. In coke-making he 
found three-quarters of the nitrogen to remain in the coke; 
of the remaining quarter, part escapes as free nitrogen or 
cyanogwn, and only from 0-i88 to 0-089 pet cent, of the total 
N is recoverable as NHj. This author gives a table of the 
percentages of a number of German and Austrian coals in 
nitrogen, recoverable ammonia, and tar, for which we refer 
to the original. 

Cf. also Knublauch’s later paper on nitrogen and nitrogen 
compounds in coal (/. Gasheknekt.^ 1895, pp. 753 and 769) and 
that of Anderson and Roberts (_/. Soc. Clifiii. hid., 1899, 
p. 1099). 

Drehschmidt (_/. Gashclciicht., 1904, p. 682) obtained from 
English coal 0176 to 0-364, from Westphalian coal 0-204 lo 
0-29, from Silesian coal 0-146 to 0-317 per cent, ammonia, when 
gasifying them at 1 too' to 1200" under equal condition.s. 

Teodorowit.sch {Gasti'chniker, xliv., part 8) quotes the 
yield of NH.j obtained at the following gas-works per cent.; 
Cologne 0-23, Dantzic 0-25, Zurich 0-19, Dus.scldorf 0-24, Basel 
0-163, Niirnberg 0-139, Magdeburg 0-18. The nominal yield.s 
of ammonia obtained in different shapes are always rather 
higher when making sulphate than when turning it out as 
concentrated gas-liquor or liquor ammonix, because the 
commercial sulphate of ammonia is not* quite pure, and in 
lieu of 25-75 per cent, contains only 23 to 24 per cent, ammonia. 
On the whole, we may say that good gas-coal should )'ield 
from 0-16 (as a minimum) to 0-25 parts of ammonia to too 
coal, 0-20 being a good average. But many, c.speciall); .small 
works, get only o-io to at most 0-15 per cent, ammonia. 

' M. Maycr'and V. Altmaycr (/. G^isbckncht., 1907, p, 25) have 
investigated the influence of temperature on the formation of 
ammonia in the destructive distillation of coal. The different 
quantities of amm«nia which coal yields at different temperatures 
depend in the first instance on the composition of the coal. 
Since ammonia dis^otjat^s at a high temperature, its quantity 
must be all the less the larger the red-^ot Surface and the 
longer ths time of contact with this. The pre.sence of carbon 
dioxide and monoxide promotes the liberation of the nitrogen 
of th5 coal at high temperatures, but the ammonia formed in 
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the first instance is to a great extent split up into its elements, 
and this is promoted by the catalytic influence of iron or its 
compounds, wherefore a high percentage of ashes may be 
injurious to the yield of ammonia. The same coal yields 
less ammonia in horizontal than in vertical retorts, o»*in the 
coking process! since in horizontal retorts the gas travels above 
the coal along the hot surface of iron and thus the ammonia 
finds an opportunity for decomposing, whereas in vertical retorts 
it escapes in the centre through a comparatively cool kernel of 
coal. The maximum yield of ammonia in destructive distillation 
is at Soo 'C. At higher temperatures more nitrogen is removed 
as N11,|, but this is partly decomposed into its elements. 

Other laboratory work on this subject has been done by 
Bertelsmann {I.chrbnch dcr Lcuchtgns-Indnstric, i., pp. 67 et seq}j ; 
Hilgenstock (/. Gashclaidit., 1902, p. C17); M. G. Christie 
(“Inaugural Dissertation,” Aachcn,i9o6-oS); Ott(_/. Gnsbekuchi., 
1909, p. 621); Bolz {ibid., p. 591). Simmcrsbach [Stahl u. 
/if.vm, xxxiv., pp. 1153 and 1209) found that the temperature 
of formation of ammonia varies with different coals from 
800" to Qoo". Decomposition of NIIj during gasification 
begins at 800” and increases with rising tem])erature. The 
quantity of cj’anogen formed amounts to 1-5 per cent, of the 
total N, and to 5 per cent, of the NH... Water lowers the 
yield of cyanogen and raises that of N H.,, while Kigh gas velocity 
favours the formatbn of cyanogen. The size of the grain 
of coal has no effect on the yield of NH.,. 

Very important is a report on the formation of-ammonia 
and cyanogen during the carbonization of coal, made by 
Profesfor Simmersbach on behalf of the German Coke Oven 
Committee, an abstract of which appeared in the /. Gai; 
Lighting, in August 1915. .From his experiments'the following 
conclusions are drawn, all of which are in accordijnee with 
former experience. 

(1) The formation of ammonia occurs chiofly at a tempera¬ 
ture where the caking of the coal has been completed. 

(2) The formation of ammonia has jt.s_lnfximum at different 
temperatures Tot diffjprcnt coals. 

(3) This maximum temperature varies with the,nature of 
the nitrogen compounds in the coal, and is between 800" 
and 900“ 
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(4) The decomposition of ammonia in a concentrated 

gaseous state begins obviously at a temperature of 750“, and 
is about complete at about 800". Rut owing to its dilution 
with other gases, the destruction of ammonia in the carboniza¬ 
tion d^coai commences at about g6o', and is increased with 
rising temperature. ' 

(5) The formation of cyanogen increases with the quantity 
of ammonia and with the rise in temperature. 

(6) The quantity of cyanogen formed in the destructive 
distillation of coal is about l-2 per cent, of the total nitrogen 
in the coal, and about 5 per cent, of the total ammonia. 

(7) Water vapour lowers the amount of c) anogen, but is 
favourable for the yield of ammonia. 

(8) High .speed of the flow of gas retards the decomposition 
of ammonia, and increases the formation of cyanogen. 

(9) The dimensions of the pieces of coal have no influence 
on the formation of ammonia. 

Special Processes for t/ie Treat men / of Coal-pas for Ammonia, 

Claus (R. Ps. 7580, 7582, 7584, 7585, ftll of 1S86) effects the 
complete purification of coal-gas by .ammonia itself, lie washes 
the gas, first by the partially saturated liquor from a former 
operation, afterwards by means of fresh ammonia. The liquors 
are heated in another a[)paratus to about 93 , whereby CO., and 
HjS go away with a little NH.. The latter^ is absorbed in a 
.serubber fe<l with spent liquor or dilute sulphuric acid, whilst 
COn and- I 1 ..S go into the apparatus for recovering the sulphur. 
The liquor, after being treated at 93“, is now heated by injection . 
of steam, until all the ammonia, present in tlie free *state or 
as carbonate or sulphide, is driven out and collected in a 
scrubber. The fesidue, containisg the “fixed” ammonium 
salts, ii employed' for feeding the scrubbers, or treated in 
the usual way for recovering the ammonia. Of cour.se, only a 
certain quantity of ammonia circulates in the system for 
the purpose of purifying ^he gas; another quantity, viz., that 
which is newly foftfipd.in distilling the coal, must be removed 
from the scrubbers in the shape of carbonate fir sulphate. 

Campbell and Boyd (R. P. 101S6, of 188S) also employ 
ammoniacal liquor for purifying the coal-gas, removing at the 
same time the sulphur compounds by means of manganese. 
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peroxide, suspended in the shape of mud in ammoniacal 
liquor, and meeting the gas in a scrubber. 

Fillunger (B. 1 ’. 11077, 1906; Fr. P. 365769) uses the same 
liquor over and over again, after driving out the NHj without 
addition of lime. •' 

Koppers ((jer. P. 1H1346; Fr. P. 356600) suddenly cools 
down the gases to 40" or 45° f'. Thereby, together with tar, 
mo.st of the ammonia, e.specially the combined portion of it, is 
precipitated along with water, and thereupon the remainder of 
the tar is obtained in a tar-separator. The gases are now again 
superheated, eventually by employing them as a cooling agent 
for the hot gases, so that during the absorption of the remain¬ 
ing ammonia in acid the latter is not diluted by the condensa¬ 
tion of aqueous vapour. From the ammoniacal liquor first 
obtained the ammonia is driven out by lime and is absorbed in 
the .same acid which has removed the remaining NH., from the 
gases. 

Flirth (/. Gasbelencht., igii, p. 1030) has put several of the 
new processes for treating coal-gas or coke-oven gas for 
ammonia in a direct way to practical tests. The introduction 
of the Otto process (p. 1195) at existing gas-works is not 
possible, but this can be d6ne with the just-mentioned Koppers’ 
process, by which he has obtained excellent results. 

■ Pott [Stnhl u. Eiseu, 1912, p. 412) maintains that Otto’s 
process is very good'indeed. 

J. \V. Cobb (Gcr. P. 275453; U.S. P. 1108705) washes the 
gas with an aqueous solution of zinc sulphate, to form zinc 
. sulphide and ammonium sulphate. The latter is obtained by 
filteringc and evaporation; the zinc sulphide is roasted, the 
roasted mixture suspended in water and treated with air and 
sulphur oxides to regencratothe sulphate. 

P'. Wolf (U.S. P. 994435; Ger. P. of the Chemischc 
Industrie Aktien-Gesellschaft und F. Wolf, 181770) passes the 
gas, after having removed the tar, into a .sciMbber, fed with 
water in such a way that all the HjSRemains in the gas, which 
is then passed under the retorts where,‘’it; is burned with 
formation of SOo hnd .sulphuric acid. On leaving the furnace, 
the gases go into a second scrubber, fed with ammoniacal 
liquor, where the sulphurous and sulphuric acid are retained; the 
.wash gases then escape through a chimney; the liquor formed 
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here is run into scrubbers, in counter current with air, and the 
ammonium sulphite is thus completely converted into sulphate. 

Quite similar to this is the proce.ss described by Collett and 
Eckardt in Norw. 1 *. 19972, of 1909. 

Otto and Co. (Ger. Ps, 171203 and 17^.^693, and appl. 
OS647) cool the gas in a long tube, inclining towards the 
h)’draulic main, down to Oo" to 80". The water and tar, con¬ 
densed in that tube, run in the contrary direction to that of the 
gas, and yield up their ammonia to it. Ai the vigorous cooling, 
which now follows, alt the ammonia is obtained in the shape 
of a strong liquor. The ammonia obtained by running back 
is used in lieu of fresh water, for washing the volatile 
ammonia out of the ga.s. 

Fabry ( 1 ?. P. 4473, of 1910) washes the crude retort- or ccjkc- 
oven ga.s while still warm, but after separation of the tar, by 
a solution of zinc sulphate. This produces a solution of 
ammonium sulphate which i.s concentrated anil brought 
to crystallization, and a precipitate of zinc sulphide which is 
dried and reconverted into sulphate by roasting. Ibis saves 
the sulphuric acid otherwise rcquirftl for .saturating the 
ammonia. If the IQS contained in the crude gas does not 
suffice for this purpose, melted sulphur is run into the gas- 
retorts or coke-oven.s. The sulphate j^roduced by this “direct 
process” is sta’ted to have an excellent colour and quality. 

Lymn (Ger. P. 223712) describes an aitj)ar;i,tu.s for recovering 
the ammonia from gases without towers, by means of washing- 
tank.s. 

Roefofsen (U.S.P. 96o907)obtains ammonium salts, e.specially 
the sulphate, from retort- and coke-oven gases b)» simple 
apparatus, avoiding the escape of foul gases. 

Heincmann (Ger. P. 138250) blows steam into the cooled 
crude gas, thus obtaining on condensation concentrated 
ammoniacal liquor and all the tar; the^stcam also serves for 
propelling the gSs and dispenses from scrubbing by water. 

Duvieusart (B. P. 17475 - ' 9 i 4 i FT- !’• 475463 ) obtains 
ammonia salts by.washing coal-gas with a solution of sulphites 
of tar-bases. 

Hinsclmann (Ger. P. 284641) describes his way of treating 
coal-gas for ammonia. 

t. F. Lloyd (U.S. P. 1132594) passes the washing liquor 
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through a cooler to a scrubber, which is supplied with fresh 
water, thence to a still supplied with steam, returning the 
exhausted liquor to the scrubber. 

Theisen (B. I’s. 22433, 1910; 27696, 1911; 961S, 1914) 
employs centrifugal gas-washers. 

’ Schuster and the British Coke Ovens Co., Ltd. (B. 1 '. 6061, 
of 1914), purify the crude gas by passing it through a scrubber 
and cooler, condenser, and tar extractor, and then through an 
exhauster to a cooler and saturator. The ammoniacal liquor 
from the conden.ser is pumped at about 110” to an ammonia 
still, where it meets part of the purified gas from the pressure 
side of the exhauster, heated to lOO” to 400’. The ammonia- 
laden gas then re-enters the main on the suction side of the 
exhauster. The gas main eventually discharges into the 
saturator, where the ammonia is converted into sulphate. 

Processes of Walter Fcld.—lhcsti processes bring about the 
comiiion removal of ammonia, cyanogen compounds, and hydrogen 
sulphide from gas (both the ordinary coal-gas and the gases 
from coke-ovens), obtaining ammonium sulphate by means of the 
sulphur contained in the gas. Feld's aim was: separating the 
tarry matters from the gases formed in the destructive distilla¬ 
tion of coal by chemical agents at such high temperatures 
that no water, or but^ very little of it, is taken out of the 
gases. This was made possible by washing the gases, first with 
hot tar, and theq washing out the hydrogen cyanide, ammonia, 
and hydrogen sulphide at temperatures above the condensing- 
point of water—thereby avoiding both the formation'of dilute 
• ammoniacal liquor, and the conversion of HCN and HjS into 
thiocyanate. He explains this in detail mZ.augeio. Chem., 1912, 
pp. 705 c.t seq. In the first instance he washes the gas with a 
solution of sulphate of zinc or iron, which produces the reaction: 

FeS0j + 2NH3 + H,,S = (NH^),SO,| + l'cS. . . (i) 

The FeS is filtered off and treated with a ijilute solution of 
SO,, which easily and completely converts it into thiosulphate 
or tetrathionate; ' ^ ' 

'zFeS+jSO., = 2 FeS.,Oj+S . . . (j) 

FeS + 3SOj= FeSOA- • - • W 
These salts act upon NHj and HjS just like ferrous sulpfiate 
. (equation i), producing FeS and the respective ammonium 
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salts. When the liquor, by several applications, has become 
concentrated, it is heated while pa.ssing throu”h it dilute SO.j, 
which ultimately produces ammonium sulphate. More repcntly 
Feld has succeeded in avoiding the employment of metallic 
salts, bf employing for washing the gas a solution, prepared 
from ammoniacal liquor, sulphur, and SO^, wliich contains 
ammonium thiosulphate and |)olythionate. We cannot go into 
detail.s on tliese processes, which belong to the domain of gas 
manufacture, but we now quote some of his patents. The last- 
mentioned process is called by Feld the “ Polythionate Process." 

Feld (B. P. 966,1904; 15 . P.s. 20139 and 37567, 1907 ; U.S. P. 
8309^^3 ; I’s- 17^746,177172.185419,214662 ; I'r. P.s. 341614, 
360528) separates from the gases first the tar fog iu a liquid 
form by treating them at 100'’ to 200' C. with finely pulverized 
liquids, afterwards the aqueous vapour by cooling down to 40" 
C, by which [iroces.s, he states, hardly any Nil.,, either free or 
combined, is condensed. The gase.s, thus freed from tar and 
aqueous vapour, and containing nearly all the ammonia, are 
now ab.sorbcd in any suitable manner. In order to precipitate 
the tar fog in a liquid form, the hot, liquid tar itself is employed 
in the shape of a spray, brought into connection with the crude 
ga.ses. • 

The same inventor, in two additiyns to Fr. P. 38562S, 
pre.scribcs avoiding an excessive lowering of the temperature 
by the above process, for in.stance, by passJlig t^c mixing gas in 
a counter current against the crude, hot ga.s. lie lowers the 
dew-point of distillation gases of any kind by addition of vapours 
or steaiTf (/. Soc. Chan. huL, 1908, p. 677). Cf. al.so his Ger. 
P. 20S288. > 

Feld’s Washer is shown in Fig. 237. It consists of a number 
of superimposed sections. Each section consists essentially of a 
stationary basin of smaller diameter than ’that of the external 
casing. In the centre of the latter is a vertical shaft, rc', to which 
revolution is imparted by gearing at the base of the washer. 
To this shaft is keyed an ytrrangement of concentric funnels, 
which dip into th^ liquid in the stationary basins. Rotation 
causes the washing liquid to rise in the funnels and to be 
thrown as a fine spray towards the outer casing; here baffle- 
sheets direct the ascending gas inward.s, where it is intimately 
mixed with the washing-liquor in a very finely divided state. 
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The descending liquid overflows from basin to basin. The 
power required for driving the apparatus, even with hot tar as 
the extracting fluid, is very small. 

In 1 !. P. 37568,0! 1908, Feld claims the lowering of the dew¬ 
point of distillation gases by the addition of heated ^ases to 
such an extclit that the temperature of the gaseous mixture 
remains above the desired dew-point. 

The .same inventor (U.S. 1 ’. 851340; 13 . P. 1X505, 1906), in 
the case of ga.ses containing less than l mol. CO, to 2 mols. 
NHj, treats the gas-liquor with calcium sulphate, partly sus¬ 
pended and partly dissolved in water. Gases containing COj 
may be passed in at the same time. 

When employing magnesium salts for taking the ammonia 
out of gases which contain also CO„, Feld (Ger. P. 1S5419; 
15 . P. 262O3, of 1905; U.S. P. 837045; Fr. P. 369358) adds to 
the washing-liquid alkaline or ammonia salts, in order to 
prevent a solidification of the liquid during the ab.sorption or 
concentration to a stiff paste, which otherwi.se easily happens 
both in the washer and in the ammonia stills when regenerating 
the washing liquid. The absorbing-process is then: 

MgCI, + 2NH,Cl+2NH3 + a),+ tLO - 4NH,a + MgC0.,; 
the boiling-off process; 

{,;) 2.\Ig(:o,-r?NH,CI-rII,() 

> MKCO,,.Mg(bH),48NH,CI f CO,. 

(/>) MgO.Mg(OH)„-4'8NH,CI 

= 2(MgCL.2NHp)-4 4NH;,4-C0,-l-2'H,0. 

The C 0 „ becoming free in (rr) may be seiiaratcly caught. 

A further 15 . P. of Feld’s is 3061, of 1909; the Fr. P. 
431341 describes his “ Po^thionate Procc.si” 

Feld's processes are very favourably reported on in the I'orty- 
fourth Report of the Alkali Inspectors, pp, 63 and 63. It is stated 
that his process had ijeen very successfully employed also for the 
removal of dust from blast-furnace gases, up to 99 per cent, with 
a three-chambered washer. .At a number’ of Continental gas¬ 
works, gas-prodheers, and blast-furnaces his process is now 
employed, also for removing lead fumes at lead-smelting works. 
At Mechernich an installation capable of dealing with 43 million 
cub. ft. of furnace-gases per twenty-four hours has been ordered. 
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Since igio Feld’s process is employed at the coke-works at 
Monceau, at one of the New York gas-works, at the East Hull 
gas-works {cj. Rau, Stahl u. Risen, 1910, p. 1241 ; and Lepsius, 
Chcm. Zeit., 1914, p, 747). 

F. Wagner {Meta/l. and Chtm. Eng., 1^14, p. 696) 
describes a plant for carrj’ing out Feld's process. 

The Process of Burkhciscr. —IJurkhciser, like P’eld, aims at 
recovering the ammonia from coal-gas and coke-oven gas, 
together with hydrogen sulphide, in the shape of ammonium 
sulphate. It is described in detail by Wolfram (/. GasMcucht., 
1911,9. 325). Burkheiser’s patents are Gcr. Ps. 212209,215907, 
217315, 220632, 223713, 225461,239678, 254341, 256341,262979, 
263593 ; B. P.S. 20920 and 21763, of 1908; 17359, I9>0; 11517 

and 12227, of 1-911 ; 8217, 15742, 15977, 16172,0! 1912; 13724, 
of 1913 ; Fr. P.s. 394926,429708,441573,443025,445556,448728, 
469122; U.S. Ps. 1034974, 1073247. 

Burkheiser employs the hydrogen sulphide of the gases 
directly for the formation of .sulphate, before it leaves the 
apparatus. The gases mostly contain more H„S than is 
required for that purpose. The gas, after removing the tar, 
on leaving the Pclouze apparatus is taken to a purifier, charged 
with a specially prepared fiydrated ferric oxide, which has the 
composition : Fe^Q.j, H.jO, and is a far better absorbent than the 
ordinary purifying mass, made from bog-iron ore. This oxide 
is Capable of purifying 20,000 times its ow-n volume of gas, 
containing up to i'5 vol. per cent. lUS, without having to 
undergo a regeneration ; and it is so porous that layers from 
7 to 10 ft. high may be employee, and the gas may be passed 
through with a velocity of 150 to 200, up to 600 *mm., 
whilst in the ojd processes only 5 up to at most 10 mm. are 
reached. Two purifiers are provided, dne of which is alternately 
employed for absorbing H.jS, whilst the spent mass in the 
other purifier is regenerated by passing air through it and 
burning the S into The gas coming out of the latter is 

passed through a scrubber, f«d with a solution of ammonium 
sulphite, which is thtreby" converted into bisulphite and then 
serves again in the saturator for absorbing the ammonia from 
the gas coming out of the purifier. Hence the purifying agent 
always remains in the, apparatus.—When the liquid is saturated 
v^ith Mphite, on further supplying ammonia ammonium sulphite 
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falls out, as this is less soluble than bisulphite. The mother 
liquor returns to the first saturator, where it is again saturated 
with*SO.j. The salt is fished out and centrifugalled; it is a 
mixture of two-thirds sulphate and one-third sulphite, since 
in the recovery sulphuric acid is formed along with 'SO-j, and 
in the first scrubber sulphite is oxidized into sulphate. This 
mass contains 25 to 25-5 per cent. NH,,; it contains no free 
acid, and its manurial value, as proved by W'ieler, is at least 
equal to that of sulphate. It can be completely transformed into 
sulphate by passing air through it and agitating; the sulphite 
is thereby sublimated, oxidized in the state of vapour to sulphate, 
and this is condensed in the colder parts of the apparatus. 

Later on Burkhei.ser proposed to convert on!)- one-third of the 
H.^S by his proce.ss into SOj,and to prepare elementary sulphur 
by the reaction: 2H._,S-hS02 = 2H/) + 3S. Another proposal 
is: to pass the gas coming out of the purifier, consisting of a 
mixture of air, N, and SOo, through a contact space kept at a 
temperature of Goo', where the SO.^ is transformed into SO;,, 
so that, in lieu of ammonium sulphites, sulphates are produced. 

Burkliei.ser’s jrroce.ss saves the expense of sulphuric acid for 
the manufacture of ammonium sulphate, whilst removing the 
11 .,S and leaving a purified gas tor lighting and motoric 
purposes; and it »cquires at most a thijd of the space 
occupied by the ordinary purifj-ing apparatus of gas-works. 


Processes for mcrtiisiiif; the Yield of Ammonw in Gas-making. 

1st. By adding Alkalies or Alkaline Earths. —The' favourable 
influtnee of such an addition on the )'ield of ammonia may be 
inferred from the .soda-lime method of estimating the nitrogen, 
practised in all laboratories for a long time past. In fact, 
Anderson and Roberts (/. Soc. Chem. Ind., 1899, p.*i099) found 
that an addition ol.caustic soda, when distilling non-caking coal, 
liberates nearly all the nitrogen in the ^hape of ammonia, 
and when distilling caking-coal, »t least increases the yield of 
ammonia. , S9 also does an addiliomof^odium carbonate. 

Lime has been recommended for this purpose already in 
iSysJiy Knab {Perl. Ber., 1875, p. l8o). According to Salm, in 
this case the nitrogen contents of the coke is not dinjinkhed,. 
but the yield of ammonia is increased by the splitting up of 
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volatile tar bases. This proposal gained a temporary practical 
importance by the patent of W. J. Cooper (B. P. 5713, i S82). He 
mixes with coal, previous to its distillation, cither lime, quick¬ 
lime, carbonate of lime, or spent lime, the object being to obtain 
an increased production of ammonia, or of tar ,or gas. This 
procc.ss has been discussed by J. A. Wanklyn {J. Soc. ihem. 
hul, 1883, p. 438; i<S 84, p. 12). it is usually carried out 
by thorough!)’ mixing the slaked lime, produced from 2f, 
parts of quicklime, with too parts of coal, before charging 
this into the retorts. This “limed coal" is stated to yield 
a .slightl)' larger fraction of its carbon in the form of volatile 
substances (tar and ga.s); also to yield a much smaller fraction 
of its sulphur in volatile forms, and better coke than that 
ordinarily obtained. In the discussion following Mr Wanklyn’s 
papers the latter paints were .seriously contested. It was shown 
that the retention of sulphur in the coke causes a considerable 
loss in the value of the spent oxide, and that the quality of the 
coke is in reality deteriorated. But it cannot be doubted that 
one point urged by Mr Wanklyn is correct, namely, that b)- 
Cooper's {)rocess more nitrogen is converted into ammonia. A 
number of gas engineers testified to a substantial gain in 
ammonia; in one case it was doubled in quantity, the highest 
yield obtained op the large .scale being ahout 9 lb. of ammonia 
(^36 lb. ammonium sulphate) per ton of coal. Whether this 
gain of ammonia is or is not neutralized by *1110 expense of 
“liming,” and the Io.ss of sulphur in the spent oxide, is a 
question which must be decided by local circumstancLss. Only 
a few gas-works introduced Coojjcr’s process; and, according 
to information received by the author Irom highly trustworthy 
sources in l88^, there was but little prospect of its more general 
adoption, as the extra yield of ammcfliia is counterbalanced by 
several drawbacks. In fact, according to the /. fAw Lighting, 
1902, p. 1392, that process had been abandoned everywhere 
except at P'olkestone. 

From the experiments m*dc by K. Schilling {vide, supra, p. 

1190) it appears that “ Hirfing” affects various kinds of coal very 
difierently. Sometimes the NH, is slightly increased (from 3 
to 11 per cEnt.), frequently even diminished (by 2 to 4 percent.); 
a con^'derable increase was observed only twice out of eight 
cases examined, viz,, 39-7 per cent, with Bolton gas-coal and 
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if4-4 per cent, with Saxon coal. Schilling also refuted the 
assertion of Gueguen and Parent that the increase of NH, in 
“ liming ’’ is caused by the hydration-water of lime. 

Knublauch ( /. GasbeUucht., xxx., pp. 55 and 96) found that 
an addition of 2), per cent, lime increased the yield o!" gas by 
5 per cent., and decreased the quality of gas by 5 per cent. 
The yield of coke was slightly increa.sed, but its heating-power 
on the whole remained the same. The quantity of tar was 10 
per cent less, and its quality inferior. There was an increase 
of 20 per cent. NH.,. The H^S was diminished by 1-4 per 1000 
coal, and in so far the purifiers had less work to do. The crude 
gas contained 10 per cent. CO,, more, but most of this was 
removed in .scrubbing. 

Walton Clarke (/. des Lrinfs. d ('/rtt:, .\i., p. 101) found an 
increase of N H., bv 39.S per cent., and a <lccrease of H^S 
and COj, with no lo.ss in yield and illuminating-power of the 
gas. The coke did not suffer in illuminating-power, but its 
hardness falls below the allowable standard, a.s is explicable 
by the slaking of the lime on watering tlie coke {Slakl u. Risen, 
1889, p. 482). 

2nA. By Means oj Hydrogen. —R, Tervet ( 13 , P. 1842,1883) 
passes hydrogen over eoal, shale, etc,, in the retorts during 
distillation, or over*the coke remaining therefrom. The 
hydrogen is to be obtained as in the manufacture of water-gas, 
or by passing coal-gas over highly heated coke. It should be 
used largely in excess of the quantity theoretically sufficient to 
combine with the nitrogen of the coke; and the sanie hydrogen 
is several times used over again in the retorts. This process is 
discussed at length in a paper by Tervet himself (/. Soc. Chetn. 
Ind., 1883, p. 445), from which it appears that his experiments 
were made only on a ntinute scale. He obtained ammonia 
corresponding at most to 83 lb. of sulphate from i ton of coal; 
but when working with “somewhat larger quantities” (2 oz. of 
coal!) the results fell off from 39 lb. to 67 lb.) and no experiment 
whatever seems to have been raacle on a working scale; nor is 
there any clue,as to the probable cost of tile process. We must 
therefore refer to the original for details. 

Salm (quoted by Rau, loc. cit.) could not obtain afiy ammonia 
by the action of hydrogen on red-hot coke, not even by .nascent 
hydrogen, produced from acetylene. 
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According to Ger. P. 153149 the gas on issuing from the 
retort is at once diluted with hydrogen in another retort which, 
it is stated, prevents the decomposition of valuable constityents, 
including ammonia, by the hot sides of the retort. According to 
Ger. P. ^7740 the hydrogen is not added in another retort, but 
in the gasifying retort it.self. * 

R. Maclaurin (U.S. F. 1130001) passes highl)' heated gas 
containing at least 14 per cent, hydrogen through the bed of 
fuel, to maintain its temperature at 7CX3" in its lower portion, 
decreasing to normal temperature in the upper portion (the 
temperature of the lower portion in which the Nib, is produced 
being maintained by enclosing it by thick refractory walls), 
and allowing the oils to condense on the cooler portion of the 
walls of the fuel chamber and of the charge, whence they arc 
drawn off. 

3rd. Bi' Afrails of Steam .—The processes belonging to this 
class are hardl)' applicable to real illuminating-gas, and will 
therefore be treated separately later on (pj). \2oy ct scij.). The 
proposal of Kenyon (B. P. 1016, 1X86) may also be applied to 
ordinary gas-retorts. He erects the gas-mJking furnaces, which 
are heated from the outside, in rows two by two, so that the 
gases can be either taktn away directly, or passed into the 
second furnace. The charge differs accoi^ing to the products 
desired. P'or making illiimiiiatiiiiy-gas, one of the furnaces of 
each pair is charged with coal, and the gas fjrodyced therein on 
its way to the hydraulic main is taken through the second 
furnace, in rirder to convert the parafTinoid hydrocarbons into 
benzene abd free hydrogen. When the charge of the first 
furnace has become white-hot, the connection with the stcond 
furnace is cut off, and the gas is conducted through the white- 
hot coke of the first furnace, whereby 4 he free hydrogen yields 
ammonia. .Later on .superheated steam is passed in, in order 
to introduce hydrocarbons in one of the_ furnaces for being 
converted into befizene and free hydrogen, and to take up 
hydrogen sulphide in the ^second furnace, whereupon the 
operations are revered., Vhcating-gas \s to be ^made, nothing 
but superheated .steam is employed, and that only in the last 
charged furnace, in order to prevent the decomposition of 
ammonja. The coke is moustened with an alkaline solution, 
brought to a white heat, and then superheated steam and 
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highly heated air are passed over it. The alkaline cyanide, 
formed thereby, may be recovered by lixiviating the ashes; or 
else fhey are decomposed by .superheated steam, in order to 
obtain ammonia, and the alkali recovered by lixiviation, 
Alkaline salts may be mixed with the coke, in order to'increase 
the production of cyanide.s. The illuminating-gas receives an 
excess of ammonia, by being treated with ammoniacal liquor 
in a scrubber; the ammonium salts are then taken out of the 
gas by washing with water. The liquid from the washing 
operation is utilized by treating it in a tower with steam 
containing ammonia, as it goes away from the stills in which it 
is concentrated. 

Ger. 1 ’. 153166 pre.scribes sending steam into the retorts 
where it passes through the coals and the red-hot coke; thereby 
less tar, but more gas (water-gas) and ammonia are formed. 

C. Waldeck (Ger. P. 281096) obtains ammonia from coke- 
breeze by means of steam, or a mixture of steam with other 
gases, heating the ma.ss by an electric-resistance apparatus. 

Markgraf (Stnlil n. Risen, 1915, p. 905) and Sachs (thid., 
p. 801) discuss the'influence of .steam on the production of 
ammonia in gasifying coal. The patents of .Sachs are B. P. 
2S755, 1913, and Ger. P. 274011. ‘ 

Animo/iit! recovered from Conl-<^as directly, ’ditkout Scrubl'ers, 

F. J. Holton ami J. A. Wanklyn (Ger. P. 16788) pass the 
crude gas, freed from tar, but not scrubbed, through a purifier 
in which superphosphate is spread out on trays; thus an 
ammoniacal manure is formed without having to collect and 
distil' gas-liquor, and without wasting sulphuric acid. This 
process is extended by a further patent (B. P. 2709,1882) to the 
gases from coke-ovens and blast-furnaccs. These are passed 
through pipes into which superheated steam is injected, in order 
to remove the tar.. In these pipes, plates of wire-netting or 
corrugated sheet-iron are placed longitudinally, to catch tar and 
soot. The gases are then passed through perforated trays, 
containing sup,erpho,sphatc, gypsum; or ooke moi.stened with 
sulphuric acid, to condense the ammonia; if rich in ammonia, 
they are first passed over shallow pans filled with sulphuric acid. 

Practical experiments made with this process hai^e been 
described by Bunte (Dingl. polyt. ccxlv., p. 40). The 
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superphosphate employed was made from Mezillones phosphates, 
and was first neutralized by gas-liquor to prevent any free 
sulphuric acid from absorbing the heavy hydrocarbons of the 
gas. The gas was passed over this, after coming from the 
scrubbers, with 6o g. of NHj per too cbm,; after passing 
through the superphosphate the ammonia decreased to 3^4 g. 
In a second experiment, the scrubbed gas contained 60 g. 
NH„; when scrubbing was discontinued, loS g. per too cbm.; 
the gas issuing from the superphosphate apparatus contained 
at first 8 or 9, later on 12 g.; with increasing saturation of the 
superphosphate, at least 50 g. NH.^ If this process were to be 
introduced on a large scale, it would evidently be necessary 
to provide a series of purifiers, worked methodically, like 
oxide-of-iron purifiers, so that the gas should alway.s pass in 
the end through fresh superphosphate. 

Vorster and Gruneberg (Gcr. P. 21837) |)a.ss coal-gas over 
trays charged with a mixture of infusorial earth {Kifsch;u/ir) of 
flue-dust and sulphuric acid, in order to retain ammonia. 
Another patent (Ger. P. 25466) claims the use of a large 
number of other porous materials for the same purpose. 

A. P. Price (B. P. 6983, 1884) claims the u.se of sulphuric and 
sulphurous acid, and of ^rotassium, .sodium, or ammonia phos¬ 
phate for retaining the ammonia present in coal-ga.s. 

Cuyper (Gef. P. 70791) absorbs the ammonia from gas by 
means of damp peat, which retains al.so .the H..,S, and yields 
the free ammonia by heating to 40“, or at most 80 The , 
residue may be used as manure. 

Boen>er (Ger. P. 124513) absorbs the ammonia from coal- 
gas by means of finely ground primeval rock, which has been 
treated with concentrated sulphuric acid at a temperature of 
280'' to 300"." 

Kohlr.epp and Wohl (Ger. P, I 3477 .‘i) employ peat or other 
fibrous material, .soaked with .sulphuric acid. The mass, when 
saturated with NH,,, may be extracted wifh water, or employed 
as a fertilizer as it i.s. 

Puning (Ger. P. 2H5235)*rcmovcs the tar fog from coal-gas, 
before entering into the acid bath, by electric'cvirrents of high 
tension, keeping the temperature so high above the dew-point 
that no water is condensed in the liquid form, and that a 
sufficTent excess of heat from the superheated gas gets into 
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the acid bath to effect a complete saturation without applying 
any other heating. According to his experiment.s the removal 
of the tar fog is possible at lOO” and upwards, while the dew¬ 
point of normal coke-oven gas is at about 75^ The power 
required for this treatment is only 2 h.p. for a sot of 60 
retorts, whiclr in the processes used now take 30 to 60 h.p.; 
and the expense of .steam and lime for working up the 
ammoniacal liquor is .saved. 

The “direct sulphate process,” as well as some others, is 
treated later on in connection with the recovery of ammonia 
from coke-oven gases. 

Anunonia from the Spent Oxide and other Hy-products of 
Gas-works. 

Part of the ammonia given off in treating coal in gas 
retorts remains at the purification of the gas from hydrogen 
sulphide and cyanogen compounds in the purifying mass 
(Laming, Lux, etc.), and is found in the “ spent oxide,” 
principally in the shape of ammonium siilphocyanide and 
sulphate, together with free sulphur and Prussian blue. These 
masses contain 16 to 30 per cent, water, 25 to 30 per cent, 
sulphur, 2 to 10 per cent. Prussian .blue, 2\ to 8 per cent, 
ammonium sulphocyanide, i to 3 per cent, ammonia. 

These masses arc worked for the recovery of cyanogen 
compounds by lixiviation in sets of tanks, holding 4 to 5 cbm. 
The last liquors obtained thereby contain principally ammonium 
sulphate and sulphocyanide, in more or less concentrated form. 
They are worked for ammonia by passing them, together with 
the required quantity of milk of lime, through a column, like 
those to be described infra for the working up of gas liquor. 
The liquor coming out of„the column i.s filtered, and sulpho¬ 
cyanide and ferrocyanide .salts are prepared from it, by well- 
known methods. Th. Richters (Ger. P. 15206) washes or steams 
the spent oxide every time before it is regenerated, preferably 
by treating it with air in a box fitted with divisions. In this 
way the regeneration is combined with the repovery of ammonia, 
since the process of oxidizing the ferrous sulphide to oxide and 
free sulphur evolves so much heat that the ammonia, is driven 
off, and can be washed out of the escaping air by means of acid. 

At many gas-works “cyanogen mud” is obtained in the 
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wet gas-purifying process of Bueb (Ger. Ps. 112459, etc.). By 
this the cyanogen is absorbed in a cold-saturated solution of 
ferrous sulphate, which primarily takes up the ammonia and 
the hj’drogen sulphide of the gas, with formation of Fe§ and 
ammonium sulphate, and later on absorbs the cyanhydric acid, 
with the assistance of the ammonia, the final product being an 
insoluble ferrocyanammonium compound, (NH,)„.l'e[Fe(CN),;]2, 
in the shape of mud. This “cyanogen mud’’ contains a 
quantity of cyanogen corresponding to 18 to 20 per cent, 
potassium ferrocyanide, and 6 to 7 per cent, ammonia, partly in 
the shape of sulphate and partly in that of ammonium ferro¬ 
cyanide. It is usually transformed by caustic lime in closed 
vessels into calcium ferrocyanide, the ammonia di.stilling over 
in a very pure form, while the residue after filtration is worked 
for potassium ferrocyanide. The solution filtered from the 
“cyanogen mud,” containing ammonium sulphate, is either 
worked for this by evaporation, or after addition of lime in free 
ammonia is driven off. 

Koppers (B. P. 21385, of 1913) heats the spent oxide first at 
temperatures below those at which sulphur dioxide is formed, and 
separates the ammonia contained in the gases in the usual way. 

Ammonia from Ca/cinm-Carhoiui/c Mnd.—'Yhit Badische 
Anilin- und Sodafabrik (Ger. P. 281174^ obtain from calcium 
carbonate mud'containing ammonium sulphate that .salt by 
means of submerged vacuum filters, similar to those used for 
the extraction of gold. The mud forms on the filter an evenly 
permeating layer which retains this property during the 
subsequeiTt washing, and admi.s of getting the ammonium 
sulphate out by means of small quantities of water. , 

2. Production of Ammonia in’ GA.siFviNt; Com, ok 
Shale itv the Action of Steam (Pkooucer-ca.s, 
Mond Ga.s), ^ 

We have seen (pp. 1187 sfq.) that only a small portion of 
the nitrogen of coal^iS.convcrted into ammonia in the ordinary 
process of gas-making, and that the greater portion remains 
behind in the coke. A similar thing happens in the distillation 
of bituminous shale, as carried out especially in Scotland. 
Hence have arisen a number of attempts at obtaining a much 
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larger quantity of ammonia by special treatment. We may 
class among them already the processes enumerated in the last 
section; but while the.se still aimed at producing at the same 
time ordinary illuminating-gas as the principal product, we 
.shall now speak of those proce.sses which treat thetoal for 
ammonia as t principal product, and obtain a gas not fit for 
lighting-, but only for heating-purposes, more or less like the 
well-knott'ii “water-gas.” We have also seen {supra, p. 1179) 
that in the complete gasification of peat by the process of Frank 
and Caro, by means of steam and air, nearly the whole nitrogen 
contained in pent is recovered as ammonia, together with a 
gas, serving both for calorific and motoric purposes. 

The first attempts in this direction on a really large scale 
seem to have been made soon after 1880 in Scotland, where the 
recovery of ammonia by distilling bituminous shale w'as already 
then vigorously carried out. 

W. Young and G. T. Beilby (B. P. 5084, 1882) introduce 
coal-dross, shale, peat, etc., in a fine state of division into highly 
heated retorts, where these matters are consumed in an 
atmosphere of stcanr and air, with the production of a heating- 
gas rich in ammonia, along with undecomposed steam. This 
gas is cooled down to a certain extent, and the ammonia is 
then taken out by sulphuric acid, after which the gas is then 
ready to be used as fuel. G. Beilby has g'lven a detailed 
description of this process.’ Its principle is; distilling coal first 
in a current of steam, and burning the coke, which retains about 
60 per cent, of the nitrogen, in a mixture of steam and air, the 
former Being in such large excess as to preserve from decomposi¬ 
tion tlje ammonia derived from the nitrogen of the coke. When 
this process is properly managed, ammonia is produced equal to 
from three-fifths to four-fifths of the nitrogen of the coal, that 
is—from three to four times as much ammonia as i^ produced 
by the most efficiently performed destructive distillation. This 
result, however, can only be obtained by the partial or total 
consumption of the carbonaceous residue, so that the process is 
only applicable to the production of gas, ; 1 oJ of coke, from coal. 
One-half of the fixed carbon of coal is oxidized by the oxygen 
of steam setting free an equivalent amount of hydrogen. The 

' J. Sdc. Ckem, Ind., 1884 , p. 316 ; cf. also 1885 , p. 220 ; and Watson 
Smith’s Report, ibid., p. 472 , which is reproduced here. 
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g;as obtained is very much richer in hydrogen than ordinary 
producer-gas, or even the gas from the Wilson producers, 
where steam is also used, and is therefore a more valuable fuel. 
This is proved by the following analyses:— 
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This principle has been carried out by two different forms of 
gas-producers. 

The first form is designed for supplying the heat for the 
distillation of shale. It consists of a vertical retort built of 
brick, closed by a door at the top, and provided with an exit- 
pipe which connects the retort with a system of mains and 
condensers. At its lowe«' end the retort terminates in a closed 
fireplace as ashpit, with rcguliiting do^rs or dampers. The 
dross or small coal is introduced by the top door, and, 
resting on the firebars, fills the retort froirf top to bottom. The 
upper part of the retort, being .surrounded b)’ fluc.s through 
which fire-gases are led, is kept at a full red-heat. 1 he coal 
in this pfirt of the retort is disdlletl, and givc-s off gases and 
vapours, which pass away by the exit-pipe to be cooled and 
condensed. As the coke passes down in the retort, it is met by 
a current of steam', which is partlji decomposed, burning the 
carbon, and producing ammonia and “water-gas,” which 
pass off along with the other volatile j>rDduct.s. When such 
coke as has eseaped the action of the steam reaches the 
firebars, it is burned into^carbon monoxide by a regulated 
admission of air. Jhis red-hot carbon mono.xjdc pa.sses off by 
ports at the lower end of the retort, and is burned to dioxide in 
the flues surrounding the shale-retorts. 1 he gases from the upper 
part of the retort, after having been deprived of their condens¬ 
able constituents, are also returned and used in firing the 
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retorts. By this system of firing, less fuel is used than by 
open furnaces, and the ammonia and tar recovered from the 
coal more than pay its first cost. About two hundred of these 
retort-producers were then (1882) in use in Scotch oil-works. 

The .second form is intended for the production of»gas for 
firing steam-boilers or for metallurgical operations. The .shell 
of the retort i.s built of grooved bricks as before, but it is of 
circular section and of much larger diameter than the just- 
described retorts. The top i.s closed by a shallow hopper of 
cast-iron, with two charging-doors; through the centre of this 
hopper a large iron pipe is led half-way down the retort. This 
pipe serves as exit for the gases, and ends at the top in a large 
dust-box which runs along the bench. From the dust-box the 
gas is conveyed by large pipes to the condensers and exhauster. 
The bottom of the brick retorts rests on an iron snout-piece, which 
is provided with a door at the outside of the brick-work. The 
steam and air are blown in at the front of this snout-piece. 
The gas and air for heating the setting rise upwards by pipes 
between the walls of the building, and are thereby heated 
before they take fire! The fire-gases surrounding the retorts 
are drawn downwards by chimney draught, and before entering 
the main flues at the bottom of the sstting they give up their 
heat to the iron snout-pieces, through which the steam and air 
are entering. 

Gns Condensers iinrl Scrubbers .— In carrying out the process 
of gasifying carljonaceous residues by the assistance of steam, 
a great deal of heat is carried away from the operation by the 
large quantity of gas produced. To recover a part of this heat, 
and to /nake it again available in the process, certain forms of 
regenerative condensers have been devised. In these, the hot 
gases from the retorts pass,through tubes which are immersed 
in water, or are kept wet by a shower or spray of wafer. The 
tubes are enclosed in a box or case through which a current of 
air is forced. The air becomes saturated with water-vapour to 
an extent depending on its own temperature and that of the 
wetted tube-surface. This air, by the,'fvrther addition of 
steam, becomes 'fit for the incineration of the coal in retort 
gas-producers. Since the principal consumption of heat in the 
vaporization of water is that portion which is latent in the 
steam, the economy^ of this method of producing water-vapour 
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by heat of comparatively low grade is very evident. Air at 
65° C. takes up one-fourth of its weight of water, at 74' one- 
third, at 80° one-half, at 85" its own w^eight, and at 93" ;twice 
its weight; it is therefore possible to evaporate large quantities 
of water by means of a comparatively small volume of air. 
Condensers of this construction had in 1885 been working 
satisfactorily in the Clippens Company’s works at I’entland 
for nearly two years. 

Beilby states that of too parts of the nitrogen contained in 
bituminous shale (amounting to about 1 per cent.) there is 
recovered in distilling it in the formerly usual manner for the 
production of paraffin oils: 17-0 as ammonia in the watery 
distillate, 20-4 as alkaloid-containing tar, 62-6 in the residual 
coke. But if the distillation was carried on fir.st at a low red- 
heat, and the residue was afterwards subjected to a bright 
red-heat in the presence of steam, only 4-9 per cent, of the 
total nitrogen was left in the coke, 74'.' pttr cent, being 
recovered as ammonia, and 20-8 as alkaloidal tar. A certain 
proportion of air may be mixed with the steam without 
seriously reducing the yield of ammonia. This has the 
advantage that a certain amount of heat is generated within 
the retort, and less heat has to be supplied from the outside. 

Ingenious as the system of Young j^nd Beilby is, we can 
hardly expect it to make much way at the present prices of 
ammonia, it must also be considered th^t thf conditions for 
producing a maximunr of ammonia, and thtjse for turning 
out the best po.ssible water-gas, are opposed to each other. 
For the former, the temperature ought to be kept down, if 
possible, below Soo”, since ammonia, under favourable aircum- 
stances, begins to be decomposed rather below 500 > 
fully split up at 7^0". But in orikr to realise as nearly as 
possible Che theoretical reaction of forming w'uter-gas. 


C + H.,() COa-H._.,. 

the temperature ought to be at least 900 ( .; below this the 

reaction • 

• C-C2X0 = C0,+ 1L • • 


gets the apper hand. In fact, the best temperature for the 
formt^ion of good water-gas is about icx». 

This difficulty can be overcome on the small scale by employ. 
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ing an excess of steam. H. Grouven, in his analytical process 
for estimating the percentage of nitrogen in organic substances, 
pass^ through the apparatus a quantity of steam equal to 20 
or 30 times the weight of the substance. W. Foster (see below) 
used 16 times the theoretical quantity. This is evidently 
impossible to" apply on an indu.strial scale; but Young and 
Beilby have found that by mixing steam and air, 60 or 70 per 
cent, of the nitrogen can be obtained on the large .scale as 
ammonia, with an e.xpenditure of only i,| parts of steam to i 
part of coal. That, however, the heating-gas obtained by their 
mode of operation is of a .somewhat poor description, can be 
seen from the analyses quoted above. 

It must not be forgotten (and Beilby, in the above-quoted 
communication, fully acknowledges this fact) that, as early as 
1878, Grouven (gf p. 1169) had recognized that the introduction 
of superheated steam in carbonizing organic substances greatly 
increases the quantity of ammonia obtainable therefrom. Long 
after him, and also .some time after Young and Beilby (whose 
patents date from 1881 and 18,82), W. Foster (/Vcc. /;/jA Civ. 
Eng., 1883-4, Ixxvii!, p. 3) drew attention to the same fact. 
By using an enormous e.xcess of steam (r6 times the theoretical 
quantity) he was able to convert 6l-0'per cent, of the nitrogen 
of coke into ammoni^, 35 per cent, remaining^ behind, and 3-4 
per cent, being unaccounted for. He assum'es (but without 
any data to warrant this assumption) that on the large scale 
the amount of steam required would be “not unduly in excess 
of the theory.” His calculations concerning the thermal value 
of water-gas are quite incorrect (cf. ibid., pp. 65 and 76). 

Hwinin (/. Gns Lighting, 1892, p. 296), who also blows an 
exactly regulated quantity of air and steam into red-hot coal, 
so as to keep the tempa-ature constant at 1000" C., asserts 
that he obtained one-half or three-fifths of the nitrogen of the 
coal as NHj, together with much tar and a good heating-gas, 
containing 38 per cent. H,4-5 methane, etc.,io,o CO, 10,5 COj, 
27 N, and 0 . [These results are ijicredibly high.] 

A process, very similar to Young andi Beilby’s, has been 
patented by G. R. Hislop (B. P. 5252, 1882). H. Simon and 
Watson Smith (B. P.4871, 1883) have patented the injection, 
into gas-retorts, coke-ovens, or gas-producers, of steam, along 
with hydrocarbons in a liquid or gaseous state. Whilst the 
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oxygen of the steam unites with the carbon, a portion of the 
hydrogen set free unites with the nitrogen of the partially 
decomposed coal, forming ammonia; a portion also of the 
hydrogen unites with the sulphur of the fuel, so that the 
quality *of'the coke is improved by this treatment. This 
process has only been carried out experimentally up to the 
present. A similar object is aimed at by the process of H. 
Kenyon (B. P. 1016, 1886). 

A. French (B. P. 5945,1885) claims the following invention:— 
Any material containing carbon, nitrogen, sulphur, and common 
salt, or another suitable chloride, is heated in a kiln, air and 
steam being injected during the heating-process. The kiln is 
worked continuously. The reaction said to take place is 
expressed b)' the following equation;— 

2 NaCl + H,,.SO., + ,^H,,() + 2 N+C - 2 NH|t'l + Na„SO, + (X) 

Nearly the whole of the nitrogen is said to be obtained as 
ammonium chloride, a small portion of it combining “ with 
carbon and chloride, hydrogen, carbon monoxide, or sulphurous 
anhydride, to form various cyanogen comp'ounds." 

Waldeck (Ger. P. 281096) prepares ammonia from the 
nitrogen of coke breeze* by treating it at exactly regulated 
temperatures, produced by electric currgits of various kinds, 
with steam, utilizing the hydrogen produced at the same time 
by the reaction: C-i- 2 H ,,0 = 2H.,-|-C02. * P'ropi 88 to 99 per 
cent, of the nitrogen present in the coke can thus be converted 
into ammonia. 

J. Wolf (Ger. P. 281317) prepaies ammonia from a mixture 
of carbon monoxide, nitrogen, and water, produced for iastance 
by leading air over incandescent coke, and afterwards mi.xing 
it with steam or atomized water. The yield can be increased 
by working under pressure; the temperature .should be kept 
between 300' and 450". 

%kc Mfiid Gas-process. 

• • * • . 

This process has during recent years taken such a consider¬ 
able development that it is everywhere regarded with the 
greatest attention. 

L. Mond (B. P. 3923, 1883), like the inventors quoted just 
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now, utilizes the fact that a low temperature and the presence 
of steam in gas-producers are conducive to the formation of 
ammonia. Hence he introduces into the furnace a limited 
supply of air, loaded with water-spray or steam in large (quantity. 
The resulting gases thereby become richer in hydrogen, and 
have a highet heating-power, and the tarry matter is richer 
and larger in quantity. The temperature may also be kept 
low by using air partly deprived of oxygen, e.g., furnace-gases. 
The ammonia and tar are collected by cooling and condensing; 
or the ammonia may be absorbed without cooling by a solution 
of calcium chloride or magnesium chloride, or by sulphuric acid. 
The principal novelty claimed is, charging the limited supply of 
air with so large an excess of steam or water that the tempera¬ 
ture of combustion does not exceed a dull red-heat. In a 
further patent (li, P. 8973,1885) Mond describes special means 
for cooling and condensing producer-gas. He passes it through 
a coke-scrubber, in which it is cooled to 40 ' by a current of water. 
This water, loaded with ammonia and tarry products, is after¬ 
wards cooled by another stream of water flowing in the opposite 
direction; it is then again passed through the scrubber and 
again cooled, and so on, the same water being constantly used. 
As the steam contained in the producfflr-gas is condensed by this 
treatment, a quantit); of water equal to the condensed steam is 
drawn off at intervals, and from it the ammonia is recovered. 
To obtain the latter immediately in the form of sulphate, the 
producer-gas is scrubbed with very dilute (2 per cent.) sulphuric 
acid ; the .solution of ammonium sulphate thus obtained is used 
over again, fresh sulphuric acid being added after eaih absorp¬ 
tion, tc restore the original acidity. This operation is continued 
till a sufficiently concentrated solution of ammonium sulphate is 
obtained to separate the salt from it. The tar is separated in 
the usual manner, and the residual gases are used as 6icl. This 
method is said to effect a saving of most or all the fuel now 
used for raising steam for the purpose of working gas-producers, 
under the patents Nos. 3821 and .1923, of 1883 (the former of 
these patents do„es not refer to the recovery of ammonia). 

Mond himself later on (/. Soc. Chem. Ind., 1889, p. 505) 
gave some interesting details concerning his process,“illustrated 
by diagrams (see Figs. 238 and 239). The gas produced in 
the generators G is passed at a temperature of 450° or 500° C. 
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through pipe f into the washers W, in which water is splashed 
about by paddles. Part of the water is evaporated; the 
remainder absorbs the ammonia and is run off from time 
to time to recover this. The tar condensed here is also 



Fig. 338. 


occasionally removed, Jhc gases leave the washer at a 
temperature of iOO“, and containing much .steam, by i'-, and enter 
at a a towter, S, filled with perforated bricks, where they are 
deprived of the last ammonia by the solution contained in 
the top tank s. Th'is is a solution of ammonium sulphate, of 

4 H 
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sp, gr. i’33 to 1-36, containing 2 5 per cent, free sulphuric 
acid—no more, as this excess would act upon the tar and 
stain the liquor dark. When this issues from the tower, it 
passes a tar-separator, A, from which most of it is pumped 
back into s by pump e. Part, however, is freed from tar by 
treatment with heavy tar-oil, and is evaporated in leaden pans 
by means of a steam-coil until the mass is a thick magma. 
This is centrifugalled, and after wa.shing yields good, saleable 



sulphate of ammonia; the,mother liquor containing all the free 
acid is pumped back to the condensers. 

When entering the tower S, the producer-gas contains 0'I3 
vol. per-cent. NH,,; on leaving it, 0-013 pev cent. It is at a 
temperature of So" and completely, .saturated with steam. This 
is only conden.sed to water in the tower,'B. where a stream of 
cold water converts the steam into water of 78°. At d the 
gas, now cooled down to 40" or 50“, leaves through c and is 
conveyed to the places where it is to be used. The hot water 
is first separated from tar and pumped oh to a third tower, C, 
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where it is cooled by air, forced in by the Root’s blower D 
and pipe k', so that it can be again used in the scrubber B. 
The air is thus heated to 76" and saturated with steam* and 
is force^ through I and iv into the producer G, to which it 
supplies two-thirds of the steam, so that only one-thir;i of the 
required quantity has to be supplied by the exhaust of the 
main engine. 

The gas-producers G (shown on larger scale in Fig. 240) 
have a rectangular section (6x12 (t.) and are arranged in a 
series. The introduction of the air and the removal of the 
ashes take place at the .shorter sides, which meet in the centre 
and arc closed by a water-lute. The air enters under a 
pressure of 4 in. water; the ashes arc al.so removed under 
water; but the air from pipe re enters above the water-level. 
The coal is fed in by hoppers near the exit-pipe in such a 
manner that the ijruducts of distillation must pass through 
red-hot coal, which gasifies much of the tar and keeps back 
the dust generated in the feeding proccs.s. The loss of coal 
in the ashes is only 3 or 4 per cent, of tbe total. The com¬ 
position of the gas in the dry .state is; 15 per cent. GO.,, lo CO, 
23 H, 3 hydrocarbons, 49 N. Its heating value is three-quarters 
of that of the coal consumed, but its utilization is much better, 
since it can be bu/ned with only 2 or 3 per cent. exce.s.s of o.xygen. 
The steam raised is 85 jrer cent, of what co,ukl be raised by the 
coal if burned on a grate. Ueducting the steam introduced into 
the producers and required for concentrating the ammonium 
sulphate lig'uor, the above percentage dccrea.ses to 75,.but is 
raised to So per cent, by the ta.. 

In order to recover half of the nitrogen of the coal m the 
.shape of ammonia, 1^5 tons of coal must be burned in lieu of 
too tuns burned in the usual way. ‘These 125 tons of coal 
furnish 4 tdhs sulphate of ammonia, which means that for i ton 
of sulphate, CJ tons of coal arc lo.st. The value of this coal at 
Northwich in the year 1890 was about £x, 15s,; adding the 
cost of extra labour, 0/ sulphtiric acid, etc., the cost of i ton 
sulphate of ammoniS 15 from £^y los. to ;^5,‘that is, about 
half its average market price. Apart from this profit there is 
the advanta’ge of very regular firing by the ga.seou.s fuel and 
of avoiding all smoke. 

Thus the matter stood about the year 1890, when Mond’s 
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process, apart from his own works, had been introduced at very 
few other places, as it cannot be p/ofitably carried out except 
on a very large scale, and as the ammonia in this way is 
recovered at the expense of greatly reducing the caloric effect 



of the producer-gas, so that the process could only pay at 
localities where coal is very cheap. ’’ 

Since the plant, as constructed above, owing to the large 
proportion of' steam in the air-blSst,-yielded gas below the 
desired standard, and less ammonia than had been expected, 
Mond changed the design of the gas-generating“part of the 
plant so that the air and steam-blast enter the producer with a 
considerable degree of superheat, thus enabling a still greater 



















THE MONO GAS-PBOCESS 


1219 


# 

! 

extent to be used, as described in his B. P. 12440, of 
1893, and shown in Fig. 240. The producer is of circular 
section, and is surrounded by a jacket through which air is 
passed on its way to the grate, reducing the loss from radiation 
and furfher superheating the steam and air-blast. Contiguous 
to the producer is arranged a superheater, consisting of a series 
of parallel tubes with alternate ends connected, surrounded by 
a series of larger tubes forming an annular space. The gas 
from the producer pa.sses through the inner tubes and super¬ 
heats the steam and air-blast which are pas.sed through the 
annular space in a counter-current direction on its way to 
the producer. The gas produced was found to possess a 
much higher heat value, and a considerably increased yield of 
ammonia was obtained without extra fuel. 

The Mond gas gives out only noo to 1200 g. calories per 
cubic metre, and is therefore not to be compared to coal-gas, 
but only to producer-ga.s. Its direct use under .steam-boilers is 
not very convenient. But the introduction of gas-motors has 
entirely changed thi.s. In con.sequcnce of its purity and its 
practically constant composition, that gas *s eminently adapted 
for gas-motors, as proved in practice. The wear anc! tear of 
the motors, otherwise a* .sore point, is reduced almost to a 
minimum. 

The Mond process and its applications to various materials 
are treated at length in an important pap'er by, Nikodem Caro 
(Z. angeiv. Clteiu., 1906, pp. 1569 d see/.). He sets out with a 
demonstration of the continuously increasing demand of 
nitrogenous matters for agricn'tural purposes, whicfi is at 
pre.sent to a great extent supplied by Chilian nitrate of soda. 
The only important home .source of nitrogen in Germany (and 
even more so in Great Britain 1 ) is C((al. Part of its nitrogen is 
already now recovered in the shape of sulphate of ammonia, of 
which Germany produces a considerable quantity (190,000 tons 
in 1905). She iirfported, however, in that year, still upwards 
of 20,000 tons of sulphate af ammonia,’ besides 571,140 tons 
of nitrate of soda 57,013 tons of guano. .Her total con¬ 
sumption of nitrogen in all shapes in 1905 was 150,000 
tons; the yearly increase of consumption of nitrogen, which 

’ 111.1906, the impottation of ammonium sulphate into Germany was 

nil. 
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formerly amounted to 6000 tons, had then risen to 15,000 tons. 
The solution of the question how this great and constanth' 
increasing demand of nitrogen compounds can be met (which 
is, of course, equally important for Great Britain and all other 
industrial countrie.s) mu.st be looked for in two directions. One 
of these, the'production of nitrogen compounds from atmo.s- 
pheric air, has been already treated by u.s {sii/>rit, pp. 1065 etseq.). 
The other is: increasing the output of ammonia in the destructive 
distillation of coal. No serious increa.se of this kind can be 
expected in the manufacture of coal-gas; very much more in 
that of metallurgical coke. In 1905, Germany produced 35,000 
tons of sulphate of ammonia in gas-works (in 1906, 3.S’,ooo tons), 
and 168,000 tons (in 1906, 197,000 tons) from coke-ovens. 
Assuming that all the coke required for tlie manufacture of 
pig-iron (in 1905 it was nearly 11,000,000 tons of coke for 
16,800,000 tons of pig-iron) was made with recovery of 
ammonia, the yearly increa.se in that industry (roundly half 
a million tons cuke), with the methods in use at present, 
would be 7000 tons of ammonium .suljdiate = 1470 tons of 
nitrogen, against the increased demand of 15,000 tons of 
nitrogen for agricultural purposes, as slated supra. The intro¬ 
duction of the recovery of ammorkia at all coke-works (in 
Germany this would_ yield 230,000 tons of sulphate, against 
168,000 tons obtained already in 1905) would afford only 
temporary relief. Permanent relief mirst be sought elsewhere, 
and here Caro turns to the increased production of ammonia 
from coal by the Mond process. He speaks most favourably 
of this, and .states that it has been most successful in practice. 
In Great Britain about a million tons of coal is worked up 
by that process, which yields 40 to 50 kg. ammonium sulphate 
per ton, against 10 to 12 kg. in the coking process. The 
producer-gas obtained at the .same time is certainly of poor 
quality, 1100 to 1200 cal, but there is a large quantity of it, 
from 3200 to 3500 cbm. per ton of coal, and' it is very suitable 
for evaporating purposes, and particularly, in consequence of its 
great purity, for the working of gas-engines. This poor gas, 
which cannot very well be conveyed to great distances, must be 
utilized on the spot, which has in many ca.ses militated against 
the introduction of the Mond process, e.g., in Germany. But 
since the spreading of electric central stations, there is a fresh 
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chance for the Mond process for supplying the inouve power 
for these. 

In 1908, as stated by N. Caro in a pamphlet Die Sjick- 
stofffrage in Deutschlaud, p, 29, about 1,000,000 tons of coal were 
treated By that process, and in Germany a company had been 
formed to introduce it on a very large .scale for nrotor enginei!. 
In Staffordshire a whole district is supplied by a Mond plant, 
consuming 400 tons of coal per day, the gas being conveyed 
under pressure to the various places of consumption, where it 
is spent in generating an electric current—thus producing not 
merely an economic, but also a great hygienic improvement 
in localities otherwise suffering under the plague of cual- 
smoke. 

The Mond gas-process is .also able to deal with the enormous 
heaps of poor coal-waste collecting at the pit-mouths and at 
the coal-washing station.s. That poor coal, containing about 
30 to 40 per cent, combustible matter .and 60 to yo per cent, 
ashes, cannot be burned on grates; it cannot even be taken 
back directly to the pits, in order to fill out de.serted galleries, 
on account of its large percentage of pyrites, but it has first 
to weather for a year or two. But when u.sed in the Mond 
process, it yields even mare ammonia than corresponds to its 
real contents of coal, as stated by N. Caro, who obtained by 
that process from a ton of such “heap-coal” 25 to 30 kg. 
sulphate of ammonia (against lo to 12 kg. fron) good coal in 
the coking proce.ss), and 50 to 100 h.p. hours m the shape of 
electric current. 

From 3 paper by F. G. Rowan in Iivu nuti Coaf Tnxdcs 
Review, igo.S, pp. 1594 c/rfty., we take the following statements 
concerning the Mond proce.ss. In the earlier practice of this 
process the prbducels were worked at “ as low' a temjjcrature as 
was compalible with good combu.stion of the fuel,” the air-blast 
and steam mi.xcd with it being heated only to about 76 ' C. by 
means of the air-beating tower before enfering the producers. 
In the later practice the mjxturc of air and steam is heated 
beyond that tempci^t*4re,.at lea.st to 150' C., belter to 250' C, 
by means of air-heaters which use some of the sensible heat of 
the gas isssing from the producers, and by mean.s of a double 
casing on the producers. It was also found that the treatment 
of the gases by a sufphuric-acid tower (patented by Ncilson in 
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1882, No. 440, and adopted by Mond), after bringing them into 
intimate contact with water, materially reduced the value of the 
tar, ?t the same time contaminating the sulphate of ammonia 
and imparting to it a grey colour. Rowan, therefore, holds 
that the most complete and satisfactory method for the removal 
from produceSga.ses of ammonia and tar in good condition, as 
well as sulphur vapour and vapour of water, is to cool the gases 
apart from water to atmospheric temperature and then to wash 
them with water. The tar is then easily separated from the 
liquors by gravity, and the NH, is separated as gas from the 
watery solution, and is then combined with uncontaminated 
sulphuric acid, so that pure sulphate is obtained. By these 
means Beilby has obtained as much as 134 lb. of ammonia per 
ton of coal. 

The later development of the Mond gas-process is de.scribed 
by Heber {]. Gasbelencht., 1910, p. 421). By introducing about 
I to 1-2 kg. high-pre.ssure steam to l ton of dry fuel, the 
gaseous mixture is improved through the formation of water-gas, 
and (which is the principal thing!) the gases arc taken away so 
fast that hardly any ammonia is decomposed. The formation 
of tar, which is .so trouble.some in the case of other gasifying 
processes, is in the Mond processes re.siricted to a minimum ; and 
the heat of the gases leaving the producer is almost entirely 
utilized. The regulation of the blast allows of working with 
nearly the theoretical quantity of air, and to recover 75 to 85 
per cent, of the caloric energy, contained in the fuel, in the hot 
gas coming out, whibst at most 50 per cent, of that energy is 
recovered in other gasifying processes. A great portion of the 
expense of the process is covered by the ammonia obtained. 
For each ton of dry fuel gasified by the Mond producer there 
is obtained:— 

PMcentage of I'f. AmioonJum aulplute obtained. 

English coal . about 1-5 40*2 to 447 kg. 

Peat • • . . I to 2.3 31.2 to 93-8 „ 

Lignite ... 07 _ i;.8 „ 

• c 

that is, roundly 80 per cent, of the total nitrogen. Hence that 
process is of the greatest importance for the utilization of 
peat, on account of its high percentage of nitrogen; but it is 
working for peat only at the Mont Cenis pit, at Sodingen, near 
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Herne, and in some places in Italy. Up to 1910 the Mond 
process, according to Heber, had been installed as follows-— 


• 

Country. 

Number of 
plants. 

Dat]y com. 
bustion of 
fuel, tuns. 

Wyrkinjr 

capficlty, 

H.P. 

ProvideJ 
with recovery 
plant for 
amniojils. ! 

Great Britain .... 

42 

2249-9 

221,450 

I 

United States 

2 

134-6 

13,250 


Italy ... 


91-4 

9,000 

I , 

China (Hongkong) 

2 

68-6 

6,750 

1 

Argentina .... 

2 

45-7 

4.500 


Japan . 

3 

43-7 

47300 

i 

Egypt . • • ■ 

India. 

1 

40.6 

4,000 

I 

2 

39-6 

3,900 


Germany 


20*3 

2,000 

I 

Portugal .... 


8-1 

0 0 

i 

Bolivia. 


6-6 


New Souih W.ales . 

I 

5-6 

550 

1 

Altogether 

59 

2754-7 

271,1^0 

j 


The Lymn Gas-producer with Recovery of By-pi oducts. 

Very important work on the production of power-gas and 
ammonia from fuels of all kinds has bec-n done b)- Arthur H. 
Lymn (Sanctuary House, Westminster, Louflon). His system 
is claimed to iJe a considerable improvement on the Mond 
system (for which plants have been designed and built in many 
places of sizes up to 10,000 to 15,000 h.p. each by Mr Lymn). 
The following notes are taken from Lymn's paper in the 
Proc. Ani’er. Soc. Mech. Enyy., loth Nov. 1914, and 'from a 
special pamphlet issued by him. His U. P. is <Soi4, of 1908. 

The principal new features of this system refer to the 
ammonia-absorptiod, gas-washing, gas-cooling, and air-satura¬ 
ting elements of the plant. These operations had been 
heretofore carried out in high towers packed with earthenware 
ring tiles, or in equally cumbersome, horizontal, luted, dasher 
washers. These were repl^^ced by Lymn, first by vertical 
mechanical washers, 'in jvhich an intensive washing of the 
gases was brought about by spraying the washing-liquid by 
means of a series of co-axial revolving discs on to collecting- 
cones, ^each of which delivered the liquid directly on to the 
next revolving disc below, and so on. It was found, however. 
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that with such an arrangement the momentum of the gas was 
performing much more work than the mechanical movement 
of the discs. Accordingly, the mechanical feature of the washer 
was eliminated, the collecting cones were cut away to ^ive the 
gas more play, and the washer now had the appearance as 
shown in Fig.'24i, It will be seen that if plumb lines are taken 

down the inside edges of 
the collecting cones and 
down the outside edges of 
the discs, a considerable 
space exists between them, 
which is such in practice 
that, if no gas is passing, 
the water entering at the 
top falls straight down to 
the bottom. With this 
modified washer, a plant 
originally designed to deal 
with the gas from 45 to 50 
tons of coal per day was 
able to deal with that from 
90 to too tons per day, so 
that the capital outlay of 
the gas washing part of 
the plant was straightway 
reduced one-half. Such 
washers had been in 1914 
in operation fof approxi¬ 
mately two years with 
entire success, and it is 
now possible to design 
washer units of this par- 
ticular type to deal with 
quantities of gas from 10,000 up to about • 1,300,000 cub. ft. 
per hour. , 

The dimensioning of the washers iS ,not a very simple 
matter, being of necessity purely empirical, and the inventor 
arrived at the dimensions entirely by stepwise 4 rial. An 
important point is that the Lymn plants do not contain any 
lead parts, steel being used for the parts of ammonia absorbing 
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apparatus. A Lymn plant constructed with no lead whatever 
has been in operation in Germany for approximately four 
years, and no corrosion has yet been discovered. Its capjeit)' 
is 8000 h.p. 

A second direction in which Lymn claini.s to liave made 
considerable improvements is in the removal of’dust. These 
improvements have been accomplished by the adoption of a 
cyclonic dust separator of somewhat .special design. 

In the gas producer itself, Lymn has taken considerable 
pains to apply to ammonia recovery plants the mechanical 
action which has been so widely applied to ordinar)' gas- 
producers, both in the ITiited .States and in Germany, but not 
-so much in England. This mechanical action involves 
agitation in the fuel and ash zones of the producer and 
mechanical ash removal. Many attempts in this direction of 
mechanical action have previously been made, and some of them 
have met with more or less success. 

The design of producer adopted in the Lymn plants was 
based on the principle which has been so largely utilized 
for ordinary hot-gas producers in Europe, where the rotary 
grate and the mechanical ash removal have been further 
constructionally improved and very widely introduced both 
by Kerpek' of Vienna and by Lymn’s German licensee.s. 
On the basis of* the last-named firm’s designs as adopted for 
hot-gas producers, the system has been Applied to ammonia 
recovery, material modifications being of course necessary. 
These modifications were to provide a vastly increased volume 
of air and'steam, a deeper fuel bi d, superheating of tRe blast 
of air and steam, increased pressure of the air blast, and 
consequently deeper water lutes, etc. Plants on this sy.stem 
have been bui’lt by' the Badische und Sodafabrik, of 

Ludwigshafen, and by the German Government at Ilcinitz. 
Several others are under construction. These represent the 
latest type of Lyftin plant adopteil in large-scale practice, 

One point in connecti9n with thi.s industry deserves 
considerable attentied. k is well known tha^ the amount of 
steam generally used in the.se plants w'ith normal coal is 
approximately 2i tons for every ton of coal gasified. Of this 
amoun|, up to two-fifths is recovered from the heat of the 
gases (fie., during the gas-cooling and air-saturating cycle of 
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operations) in a modern and properly designed plant. The 
remainder, tons, has, however, to be made by direct coal- 
fire(^ boilers or other means. The provision of separate boilers 
involves a considerable charge on the operating costs of the 
plant, and it should therefore always be one’s endeavour to 
obtain as large a quantity of steam as possible in the form of 
waste steam at practically atmospheric pressure (which is quite 
sufficient), or to raise such steam by utilizing waste heat. 

In connection with gas-power plants, the steam can be made 
by utilizing the heat of the exhaust gases from the gas engines. 
This is a problem to which Lymn has devoted considerable 
attention, and in the plant referred to above, all the steam is 
produced in special boilers of his own design which are heated 
by the exhaust from the gas engines. In one particular 
installation there are four boilers, each attached to a 1300 
h.p. gas engine, and each raising 2 to 3 lb. of steam per h.p. 
hour. This amount of steam is 25 per cent, more than that 
required for the gasification of the coal. 

It might be objected that when boilers are utilized for this 
purpose there is dahger of corrosion, but four years' full-time 
operation is sufficient criterion that this is not so. Lymn’s 
experience is that satisfactory operation is merely a question 
of properly dimensioning the boilers. 

The above-mentioned plant is absolutely self-contained as 
far as steam is conterned, and great strides are now being 
made in the Lymn plants in the matter of utilizing the heat of 
waste gases from all kinds of operations for the production of 
steam. 

It may be of interest here to give some particulars of 
the largest gas engines, ordered from Messrs Ehrhardt and 
Sehmer by the Farbwerke Hoechst, Main, to be coupled 
to a Lymn plant consisting of five producers, The three 
engines are each of 4500 h.p., run at 94 r.p.m.,and have only 
two cylinders, each of 1330 mm. (4 ft. 4^ in.) diameter and 1400 
mm. (4 ft. 7 in.) stroke. 

In regard to the utilization of the .gas for steam-raising 
purposes it should be mentioned that the efficiencies which may 
be realized in well-constructed plants are from 70 per cent, 
upwards (indeed in the Bone system efficiencies of 90 per cent 
or more have been actually ichieved in Lymn’s presence). 
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Considerable development in this direction of high efficiencies 
of gas-fired boilers is looked forward to, and Lymn has applied 
in most countries for patents on a different system for achieving 
similar results to Bone. 

Lyn?h considers that for industries such as electrochemical 
plants requiring a large amount of power, it is quite unneces.sary 
to have recourse to water powers, which (as he says) are almost 
invariably situated in localities quite unsuitable as manufac¬ 
turing sites, and which therefore require long, costly, and 
unreliable transmission systems, subject to the dangers of 
sleet, wind, and electrical failures. Every power user who 
depends upon an uninterrupted supply of current for the 
success of his operations would gladly dispcn.se with this 
transmission, even were its high co.st of no importance. 

In considering the development of ammonia-recovery plants, 
the .statements made so far have referred to the treatment of 
ordinary coal, which is obviously the most used combustible. 
They may also be taken, however, as applying to waste coal 
containing a high percentage of ash; as well as to other poor- 
grade coals, such as lignite, coke brccsc, etc. 

Coke breeze, as obtained in the manufacture of lighting gas, 
has a particularly advaivtageous application in these plants. 
It is well known that as a general rule the retorts in gas¬ 
works are heated by means of good trade coke which has a 
high selling value, but the coke breeze which i^s sieved out is 
practically a waste product. This substance can now be dealt 
with, producing all the gas for firing the retorts together with 
, about 6o lb. (value .Si-2o) of sulph- te of ammonia pcf ton of 
breeze. Furthermore, much good coke is thus set fiee for 
sale to the public at a high value. A large plant Is already 
operating on these fines in England,^and is very successful and 
profitable.. 

There are, however, other combustibles whose use in 
producer plants is* restricted on account of* the high percentage 
of water they contain. Sqch in particular are peat and wet 

browncoal. • _ 

Lymn, as technical manager to The I’ower-Gas Corporation, 
was able <to apply successfully his gas process to the treat¬ 
ment of peat between 1904 and 1907- The drying of peat is a 
most difficult matter, and in view of this fact it is interesting 
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to note that to-day it is possible to produce regularly power- 
gas and by-products from ppat containing up to 6o per cent 
watar. This peat can be obtained by relatively short periods 
of drying in the atmosphere in practically all countries. 
Evidences of success in this matter are the facts that a 20-ton 
plant was eretted in Germany, some years ago, to demonstrate 
the advantages of this process, and another plant dealing with 
100 tons of peat per day, and producing sulphate of ammonia 
and power-gas, has been in operation in Northern Italy for 
about three years. In the latter case a further peat bog has 
' now been purchased, and a second and larger plant built upon 
it. Lymn has entered into a contract for building in Russia 
a plant of this type to treat go tons of peat (stated as 
theoretically dry) per twenty-four hours. 

The quantity of ammonium sulphate produced per ton of 
peat depends upon the nitrogert content, and varies between 70 
and 220 lb. per ton of dry peat gasified. Where peat with 
about 2 per cent, nitrogen is available, a large profit is obtained 
simply from the ammonium sulphate, regarding the gases as 
a by-product. Even with peat which contains little nitrogen, 
gas can in most cases be produced without cost. 

About fifty of Lymn’s producci^gas plants are already 
built, having a yearly fuel capacity of approximately 2,000,000 
tons. These are distributed among Great Britain (which has 
most of them),, Germany, Italy, Spain, China, Japan, and the 
United States. The total yearly fuel capacity of them all is 
close upon 2,000,000 tons. The gas from them is 'being used 
not only for power production, but also for all lands of industrial 
heating operations, such as reheating furnaces, forging furnaces, 
annealing furnaces, steel furnaces, core stoves, crpcible heating, 
galvanizing baths, gas-works retort firing, spelter furnaces, 
glass works, etc. • 

Fig. 242 shows th,e Lymn power-gas and ammonia-recovery 
plant • 

An ordinary blower or blowers, A, are used to produce an 
air blast which passes through a vertical‘n»echanical intensive 
air-saturating apparatus, B, in which it is brought into intimate 
contact with hot water (made hot by cooling the gaS at a later 
point of the process); it thus becomes saturated with #team, 
and after receiving a still further supply of steam it passes into 
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the superheaters, C, in which the air and steam mixture is 
superheated b)’ means of hot gases leaving the producer, D., 
Th^ air and steam mixture then passes to the grate of the 
producer, being superheated still further on the way by 
passing round the producer itself. ' 

The producer, D, which may have a mechanical or non¬ 
mechanical grate, E, according to circumstances, and the coal 
to be used are provided with a water seal, F, from which the 
ashes may be removed in the former case automatically and in 
the latter manually, without interfering in any way with the 
operation of the producers. It will thus be seen that they work 
day and night without cessation ; indeed, practice has shown 
that they need not be stopped more than once in one or mo^e 
years, and then only for a couple of days. 

The temperature in the by-product producers is compara¬ 
tively low (due to the excess steam used), which has the result 
that the formation of clinkers is prevented. The ammonia 
formed, however (despite the comparatively cool temperature 
of the producer), would be dissociated, were it not protected 
by the excess steatn which is introduced for this purpose with 
the air blast in greater quantity than is decomposed. The 
hot gases containing the ammonia .leave the producer at the 
top, pass into the superheaters, C, and superheat the air and 
steam blast which is passing (in the opposite’direction) to the 
producers; at the-same time the gases are cooled thereby, 
thus recovering a great amount of heat. On leaving the super- ' 
heaters the gases, after passing through special dus.t-separating 
apparatus, G, enter the vertical intensive mechanical ammonia 
absorber, K, where they are brought into intimate contact with 
an atomized solution of sulphate of ammonia, containing small 
excess of sulphuric acid, which absorbs the 'ammonia thus 
produced. The said sofution thereby becomes very concen¬ 
trated, and requires very little evaporation for the crystallizing 
out of the solid salt'. , 

From the ammonia-absorption apparatus the gases, after 
being freed from the ammonia,pass;ntq‘t|je vertical mechanical 
intensive gas cooler, L, in which they are brought into intimate 
contact with cool water. The gas cooler and the jir saturator 
work in one cycle, the water first passing through the gas 
cooler in order to cool the gas (the water being heated {hereby), 
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and then into the air saturator in order to saturate the air, and 
again cool the water ready for the gas cooler. It will be seen 
that by this means a very large amount of steam is recovered 
from the gas. 

Frodl the gas cooler, L, the gases pass to a second gas 
cooler, M, wherein they are brought again into'contact with 
cold water. The gases are now sufficiently cool and clean for 
firing boilers or furnaces. If for use in gas engines the gases 
have to pass through one or perhaps two centrifugal cleaners 
where they are almost entirely freed from tar, from here 
(after traversing a special water spray separator) the gases 
are passed through a dry scrubber filled with sawdust or wood 
shavings, in which the last traces of tar are removed j the last 
two apparatus are not shown on the diagram. The gas is then 
quite clean and suitable for use in gas engines, which, indeed, 
can run for many months without any necessity for cleaning 
the valves. 

The circulating vessels, designated N, receive the water 
or liquor from the washers, whence they are repumped to the 
washers. 

O is the overhead fuel bunker, and R the charging 
hopper of the producer., S is the automatic ash-removing 
apparatus. 

The gas prodteed by these plants is automatically regulated 
to suit all load fluctuations. 


Ammonia fro^n Other Gasifying Processes, ^ 

Pieper (B. P. 29455, 1896) obtains ammonia from coke by 
a continuous heating-process by means of steam in a specially 
constructed heSting-ehamber. 

Aarts (B. P. 8187, 1905) describes *a similar pioce.ss. 

Schlutius (B. Ps. 2199 and 2200, 1903) feats Dowson gas 
with dark electric, discharges in the prestnee of steam and 

platinum sponge. u 

Woltereck {Com^tes rena., P- 9 ^ 9 )^ discusses the 

formation of ammonia and cyanides in a Dowson gas- 
producer. . 

Clarke, Chapman, & Co. (B. P. 342A. 1907) connect the 
gas-proSucer with am apparatus for expelling the ammonia 

41 
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from gas-liquor, consisting of a cylindrical heat-exchanger 
round the producer. 

Mason’s Power Gas Co., Moore, Cunnington, & Stock (B. f^s. 
28053 28054, 1908) gasify bituminous fuel, with recovery 

of ammonia, in a continuously working producer with three 
zones of different temperatures. The bottom zone, where the 
combustion takes place, works at 800° to 1000°, the central 
zone at 300“ to 450°, the top zone, with a water-cooling jacket, 
at So° to 150°, They blow in air and very much steam, 60 per 
cent, of which is decomposed (/ Soc. Chcm. Ind., 1910, p. 550). 

Duff and the Gas Power and By-Products Co. (B. P. 4372 
1910) employ the heat of the producer-gas, before it enters into 
the ammonia-absorbing tower, for evaporating the weak liquors, 
raising steam and heating up. (Former patents of E. J. Duff 
are 16164 and 16243, 1903.) 

Aktien-Gesellschaft der Chemischen Produkten-Fabrik 
Pommerensdorf, and Robert Sieger (Ger. P. 281O95) recover 
ammonia from vapours by means of acid gases, especially 
sulphur dioxide, in the shape of a highly concentrated solution 
of ammonium sulpliite, and oxidizing the sulphite still left in 
the gas by passing it through a wooden box filled with coke 
■ or charcoal. , 

Several other gas-producers with ammonia recovery are 
described and illustrated in Lymn’s above-mentioned paper. 

Koppers (Ger. Ps. 257188 and 285354) prepares ammonia 
from carbon compounds containing nitrogen by heating in 
such manner that their contents of aqueous vapour is as much 
as possible retained. 

Wahlen and Caro (B. P. 13668, 1907; Ger. P. 198295) treat 
the material forming the “ waste, or dirt heaps ” of collieries, 
mixed with waste coke from coke-ovens, in‘an externally heated 
shaft-furnace through which steam is passed. Combustible 
gases and porous coke are obtained, and the nitrogen of those 
materials is converted into ammonia, which, may be recovered 
from the gas. The waste coke used with the coal prevents the 
material from caking in the furnacq. Acpording to a further 
patent of the same inventors. No. 136^, 1907, they treat the 
material of those “ waste heaps ” (which may contain twice as 
much nitrogen as corresponds to their contents of pure coal) in 
agas-producer by the Mond process'(wrfe A/>ra, p. 1213); that is 
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to say, with restricted supply of air and with excess of steam, 
in order to obtain both ammonia and power-gas. The ordinary 
process, where there is an excess of steam and restricted supply 
of air, is not available for the dirt heaps, because the materials 
enter irfto fusion in that case. The above treatment also destroys 
most of the pyrites, so that the material cannot spontaneously 
take fire, and can be employed for filling up disused adits. 
(The same invention forms the subject of Nikodem Caro’s 
Ger. P. 198205.) 

The Mond process can be applied also to a peculiar mass, 
forming at the bottom of some dried-up lakes in Germany, and 
called “Schlick” or “ Faulschlamm," whose organic substance 
entirely resembles that of cannel or Boghead coal, and which 
contains up to 4 per cent of nitrogen. Caro treats this matter 
at length in his papers. Its application to the treatment of 
/M/ has been referred to s»/ra, pp. 1179 st;/. 

Crosby and Rigby work on similar lines. Their B. P. 
24144, of 1906, refers to a former patent, No. 20716, of 1901, 
according to which the water-vapour and tar are conden.sed 
before the ammonia is absorbed, by means bf a washer, split up 
into compartments, in which the washer travels from the cooler 
to the hotter end, and wfi,en heated, is pumped up through an 
air-tower, by which means it is cooled and can be used over 
again in the washer, while the air is supplied with .steam, and 
is then used in the producer. The NH,* going away at the 
same time, is passed on to an absorbing-tower. According 
to the new patent, some sulphuric acid is added to the 
water, so that a fairly concentrated solution of amihonium 
sulphate is circulated in.stead of water, but always containing a 
certain percentage of free acid to absorb N Hj. Portions of the 
liquor are takdn off* as required for further concentration and 
crystallization in the usual manner. 

The Forty-fourth'Annual Report of the Inspectors on Alkali^ 
etc., Works (for the,year 1907) states that a rapid extension of 
producer plants with recovery of ammonia had taken place in 
England and Scotl^d_ during the past four years. The pro¬ 
duction of ammonia from this source has risen moVe than five¬ 
fold in this, period, that of the United Kingdom tenfold since 
1898. Most experts assume that ammonia recovery will not 
pay for'less than 50 tons of coal a day carbonized, but recently 
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an eminent firm of gas-engine makers has adapted it to small 
producers, gasifying bituminous coal for gas-engine use. It is 
too soon to speak with confidence as to their success in the 
hands of ordinary unskilled workmen. 

3. Ammonia from Coke-ovens. 

Since the recovery of ammonia as a by-product of coke¬ 
making is always carried on pari passu with that of tar, we 
have already described this indu.stry in full detail in Chapter II., 
pp 87 et seq. We have also seen (pp. 162 et seq.) what 
proportions this industry has already assumed, what quantity 
of ammonia might be obtained from that source, and that it is 
just this enormous acces.sion to our sources of ammonia (and tar) 
which is keeping down the prices and rendering the recovery 
of by-products in coke-making in many cases a process of 
doubtful economy. Still it can hardly be doubted that it is 
only a question of time when the fearful waste of useful 
material now going on in coke-making will be a subject of thfe 
past, and when it will appear wonderful that it was ever allowed 
to go on, after it had once been recognized that this need not be 
the case, and that good coke can be /nade along with tar and 
ammonia. Undoubtedly a certain lowering of prices may have 
to take place; so long as a large quantity of the tar has to be 
burned as fuel, in which case it may claim to be of decidedly 
more value than retort-coke, its price can never greatly exceed 
that of coke; and the price of ammonia will not merely be 
kept down by the over-production but also by the competition 
of nitrate of soda But fortunately we are not so placed that 
no reasonable outlet can be found for the products in question ; 
just as there is no limitation to burning tanas fufel, and that at 
the gas-works themselves, so agriculture is able to take up 
practically all the ammonia which industry may offer to it, if 
only the price is low'enough. Indeed, in thif seems to be the 
“only chance of maintaining a considerably larger population 
out' of the produce of the soil than i? donq at present. But of 
course the profits of gas companies on tar and ammonia will 
inevitably be greatly reduced, and compensation will have to 
be sought elsewhere. 

In the working of coke-ovens for the recovery of by-products 
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the mixture of gases and vapours evolved gets away from the’ 
ovens at a temperature of about 250“. The gases (about 300 
cbm. per ton of coal^ contain, besides tar and ammonia, the 
steam produced by the 10 to 15 per cent, of moisture present 
in the coal, and 2 to 7 per cent, produced by the carbonizing 
process; also more or less combustion products of the gaseous 
fuel, the quantity depending upon the construction and tightness 
of the ovens. 

The object of the coke-oven industry is entirely different 
from that of the manufacture of illuminating-ga.s. The former 
aims at fixing as much as possible of the carbon of coal in 
the shape of coke; the latter, on the contrary, must tend at 
volatilizing the carbon to the greatest possible extent in the 
shape of light-giving hydrocarbons. This difference influences 
to begin with the choice of the coal submitted to gasification, 
so that “ coking-coal ’’ and “ gas-coal ” are kept apart; but the 
nitrogen percentage is practically the same in both descriptions, 
usually between i and 2 per cent. Of course the final products 
in both cases are the same: gas, ammonjacal liquor, tar, and 
coke. But the value of the two principal products, coke in one 
case, gas in the other case, differs immensely. According to 
Rau {loc. cil.) the value df the various products in both kinds 


of industries bears the following proportions to the total value 
realized: — 

At gan-worlu. * At coke-worka. 

Gas .... 

75 per cent. 

• 

Coke .... 

20 „ 

72 per cent. 

Tgfr . . . . 

2 „ 

5 , 

Ammonia . 

3 « 

15 

Cyanogen compounds 

0*3 „ 

... „ . 

Benzol 

... ,1 

8 „ 


Therefore the economical part played by the by-products, 
and more especially that of ammonia, is of far greater import¬ 
ance at coke-works than at gas-works, aad there is far more 
call for their colhplete recovery by cheap methods in the 
former than in the latter eftse. .Althougl^ therefore, at gas¬ 
works a complete pifrfflcatlon of the gas is far morp momentous 
than any profit made on the by-products, yet the manufacturers 
of coke formerly adopted the methods for separating the 
by-products from the gas-works, where they had attained a 
high degree of perfection. This state of matters has recently 
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changed, since the manufacturers of coke have paid greater 
attention in the construction of the recovery plant to their 
particular conditions; and this has led to the invention of 
apparatus and processes of their own, which nowadays jiiust be 
taken notice pf by the gas manufacturers, who are all the more 
csflled upon to make as much as possible of their by-products, 
since they have now to face the competition of cheaper gaseous 
sources of light and power, more particularly just that of the 
coke-oven gas. 


Direct Sulphate Processes. 

We have already described in Chapter il. the processes of 
Brunck, Otto, Koppers, and others, which recover the ammonia; 
besides the tar, directly from the coke-oven gases in the form 
of solid sulphate. In this place we shall discuss at greater 
length the means by which the direct sulphate process can be 
carried out, basing on the caloric conditions. 

According to Peters (/. Gasbeleucht., 1908, pp, 465 and 1114) 
I cbm. dry crude coke-oven gas at o" and 760 mm. barometric 
pressure contains rO’2 to 12-6 g. ammonia, and from 144 to 
747 g. aqueous vapour, of which 'on cooling so much is 
precipitated in the liquid state that the gas remains saturated 
with moisture; c.g.^ in the most unfavourable case (747 g. 
ILO) at 0° 743 g., at 30” 712 g., at 70° 391 g., at 80° 42 g,, at 
8)°(thc dew-point), and above this nothing. The water thus 
precipitated contains all the “fixed” ammonia (tha; is on the 
average to to 15 per cent of the total NH.,) and so much 
volatile ammonia that its tension in the liquor is equal to that 
remaining in the gas. At ordinary temperatures about one- 
half of the ammonia is thus taken out of the gas. On expelling 
the NHj from the gas-liquor, about 3 kg. steam go'away from 
100 kg. gas-liquor. Tf the gas, containing this aqueous vapour 
together with the ammonia, is passed into'the sulphuric-acid 
bath, the formation of sulphate’sets free a quantity of heat 
which may be'taken=40 heat unfts for' 34 g. NHy The 
calculations made by Rau {see p. 1048) and the curves based 
thereon show that the gases may be cooled down to' 5°, without 
having to reheat the acid-batk Only in the case of gases 
containing a great deal of “ fixed ” ammonia, especially chloride, 
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the gases must not be cooled down too much, but as a rule 
this is not necessary. 

The direct sulphate process causes a very considerable 
saving,of wages, steam, and interest on the cost of plant, and an 
increased recovery of ammonia, in comparison with washing 
this out of the gas by scrubbers, and treating the liquor thus 
obtained for sulphate in the ordinary way. Moreover, the 
trouble caused by the waste liquor of the ammonia stills, and 
the foul gases escaping in the saturation by sulphuric acid is 
altogether avoided. 

Publications on this subject have been made by Rau {loc. at.), 
Schreiber (_/. Gnsbdencht., 1910, p. 254), Hilgen.stock {Stahl u. 
Risen, 1909, pp. 1644 and 1687), Still {Gluckanf 1911, pp. 1510, 
1549, 1600), Koppers {Z. angew. Chcvi., 1911, p. 1445), Korten 
{Glikkauf 1913, p. 1102), Ohnesorge {Z. angew. Chau., 1914, 
(pp. 378 and 525); Bagley {Chem. Ind., 1914, p. 574). 

The definitive result Recording to Still) is that in the 
treatment of saturated gase.s the heat set free by the 
combination of ammonia with sulphuric acid is widely sufficient, 
not merely for covering all losses by cooling, etc., but for 
allowing to make a large addition of further liquor. 

The Bergwerksgesellschaft Trier (Ger. P. 286606) describe 
a heating-apparatus for the direct sulphate process. 

The Berlin-Anhaltische Maschinenbau A.-G. (Ger. P. appl. 
B74895) treat the products condensed in’the ^irect ammonia- 
recovery process at higher temperatures with sulphuric acid, 
before th|y pass into the saturator, in order to convert the 
ammonium chloride into sulphate. The hydrochloric acid 
liberated thereby covers the expense of the process, aud there 
are no troublesome waste effluents. 


Recent Improvements in the Recovery of Ammonia from 
, Coke-oven Gases. ' 

Koppers (Ger. P. 28313*) improves the yield of ammonia 
in coking coal by mbistaning the dry coal-dqst before coking 
with a solution of soap. 

The recovery of ammonia by the processes of Feld and 
severa] others, as described supra, pp. 1196?/ seq., in connection 
with coal-gas, is also applicable to ammonia. 
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. Strommenger .1915, xlix.,p. 1698; 1915,li.,p. 138) 

passes the coke-oven gases in a finely divided form through 
tar «r an oily medium which retains most of the tar and the 
naphthalene. 

Recovering A mmonia by Means of Sulphur Dioxide. 

Of great importance are the processes for recovering the 
ammonia by means of sulphur dioxide. Some of these are 
of ancient date, of course applied to coal-gas, as coke-oven 
gases were not in question at that time. We mention the 
proposal of Laming (1852) for combining the NH3, driven out 
of gas-liquor, with SO„; Young (B. P, 1310, 1889); M'Dougall 
(B. P. 15496, 1884). 

The processes of Burkheiser pp. 1199 et seq.) also 

belong to this class; also that of F. Wolf {supra, p. 1194). 

The Badische Anilin- und Sodafabrik (B. Ps. 12845 and 14114, 
of 1912; Ger.Ps. 270379,270574,273306,273315,276490; Fr. P. 
452961) heat ammonium bisulphite, preferably in aqueous solu¬ 
tion, in the presence, of a suitable catalyzer, preferably sulphur, 
at an initial temperature of 50° "to 100°; selenium, tellurium, 
arsenic, or their compounds, besides many metals, oxides, and 
salts are also applicable. A small (Quantity of ammonium bi¬ 
sulphite solution may be first decomposed, thus,producing some 
sulphur, and thus further quantities of solution are gradually 
added, so that,the process is continuous. Or a solution of 
ammonium bisulphite, without addition of sulphur, may be 
subjected to local heating {e.g., by pumping a concentrated 
solution through tubes at about 180° under 10 to 15 atmos¬ 
pheres^ pressure); ammonium sulphate and sulphur are thus 
formed. The reaction may also be affectefl in the presence of 
the normal sulphite, this being mixed, in a proportion somewhat 
less than that indicated by the equation: 

6NH,.H.S0j + 3 (NH,) 2 S 03 = 6(NHJj§0, + 3S + 3Hj0. 

The solution of sulphate produced^is preferably saturated with 
ammonium bisulphite, or treated with a'lnraonia and sulphur 
dioxide, when the ammonium sulphate crystallizes out and 
liquor for a fresh operation is obtained. The temperature is 
regulated, if. necessary, by cooling means. Extremely small 
quantities of selenium are sufficient to promote this reaction, 
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and in this case a temperature of 60° or below is sufficient^ The 
U.S. P. 1063007 of Bosch, Mittasch, and Hecht, assigned to the 
Badische, describes the same process; also U.S. P. 11069191 

The Chemische Fabrik Pommerensdorf and R. Siegler 
(Ger. Ps. 281095 and 281174) obtain ammonia contained in gases 
and vapours in the shape of a concentrated solution of its salts 
by means of acid gases, more particularly such as contain 
sulphur dioxide. The ammonium sulphite is partly obtained in 
the condensed liquor and partly from the vapours by oxidation 
into sulphate. 

Peacock (U.S. P. 1123584) pa.sses a gaseous mixture, obtained 
by burning sulphur in a limited quantity of air, over carbon 
heated to 800°, to form a compound of sulphur, carbon, and 
nitrogen, from which ammonia is subsequently produced* by 
treatment with hot water. 

Vide also p. 1246, the process of J. and J. Addie for 
recovering ammonia from blast-furnace gases in the form of 
sulphite. 

Bambach & Co. (Ger. P. 279953) absorb the NH^ by means 
of SO2 and water, and convert the ammo'nium sulphite thus 
formed into sulphate by digesting the solution with calcium or 
strontium sulphate, which.thereby pass into sulphites. These 
are separated on a vacuum filter, and either sold in that state, or 
reconverted intoVsulphite by means of sodium bisulphate: 

CaSOj + aNaHSO, = Na,SO, + H^O + SOj 4-CaSO,. 

Collett and F,ckardt (Ger. P. 268497) prepare by the direct 
union of Nand SO.^ in the 'p'esence of water a solution of 
neutral ammonium sulphite, which is treated in ajjother 
apparatus, if ^ necessary with heating, with gas mixtures 
containing oxygen* and at the .same time with NHg, 
corresponding to the progressive oxidation of the sulphite. 
An intermediate compound is formed which contains NHj and 
SOj in the proporfiion i: 273. 

Collett (B. P. 3124, of 4913; U.S. P. 1076747; Ger. P. 
283161 ; Canad, P. 1^/522) causes oxygen or a,gas containing 
it to circulate through ammonium sulphite solution in such 
1 way that" the gas passing through the oxidation system 
exceed^ the amount of gas supplied to or \*ithdrawn from the 
system. 
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Cantiensing Apparatus for the Ammonia from Coke-oven Gases. 

This apparatus, of course, resembles that used for the gases 
from gas retorts. , 

Concerning the details of condensing-apparatus, we refer to 
Chapter 11 .; also to Bolton and Wanklyn’s proposal for treating 
the gases by superheated steam, and then passing them through 
commercial superphosphate in order to absorb the ammonia 
(p. 1204). We mention here as specially intended for the gases 
from coke-ovens, a patent of P. Frauencron and H. Strack 
(Ger. P. 32691), according to which hot coke-oven gases 
are passed through a mixture of coal- or coke-cinders (ashes), 
as they are produced in metallurgical operations, with coal- 
duff and lime, and thence passed into the ordinary condensers. 

We shall also describe an apparatus patented by Zschokke, 
especially for a better condensation of ammonia. He con¬ 
structs wooden shelves (Fig. 241) of flat, rounded staves, 



conical below, and provided with projections for the drops to 
fall off. The pressure in the apparatus ought to b^= zero, and 
the gas should be very equally divided, as shown in 244. 
The free space is about one-third of the total surface, and it iS' 
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stated that the absorbing surface is 9 to 11 times greater than 
in the case of the ordinary perforated iron shelves. The water is 
supplied as shown in Fig. 245. It enters at a and is regulated 



. Fig. m- 


by tap»^. The lantern c allows the formation of the drops to 
be observed. ^ is a stuffing-box; the wire k removes any 















obstruction when pushed down. The water faiUs 3 ft. 3 
from the tuyere / down to the concave plate </, and is th^ 
inverted into a spray, which quite evenly wets the shel?^' 
if there is about one such tuyere for each 2 superfjcial fe^i’ 
This admits of the supply of water being confined to less thaa^^? 
a gallon per'ioo cbm. of gas (3500 cub. ft), and also of obtainiotl;': 

very strong ammonia liquor.' Plate 4 
can be removed through door e and 'I 
cleaned. '* 

Fig. 246 shows a plant erected at 
the coke-works of Messrs Rud. Boecking : 
& Co., near Brebach, and serving for 
1,750,000 cub. ft. of gas in twenty-four 
hours. By this system only i g. NH, 
is left in 100 cbm. gas, against 60 or 
80 g. with ordinary perforated plates 
(patentee’s, statement). 

C. Otto and Co., whose coke-ovens 
with recovery of by-products we have 
treated at length on pp. 105 and m 
et seq., in Ger. P. 171203, of 1906, 
describe an tarrangement intended for 
a better Separation of the products of 
condensation. By means of a refldfc 
conduit, inclined towards the receiver, 
all products of condensation, not merely 
tar but also ammoniacal liquor, are con¬ 
ducted back to the receiver, thus pro- 
ducing a mixture of the hot gases 
coming from the_ receiver and the 
b^ckstream of gases, which, on passing 
the liquids running back, cause a very 
good cooling and condensation of am¬ 
monia and banzol. According to their 
Ger. P. 174695) the ammoniacal liquor 
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formed in running back, after cooling down, is employed for 
washing the gases and thus obtaining the volatile ammonia. 

Brunck (B. P. 26253, of 1898) utilizes the combustion air 
to be fed to the ovens for the condensation of the by-' 
products. ^ 






H4S 


ipSIt GA5S5 

Heinejbann (Ger. P. 166380, 1906), in order to get rid 

the tar when recovering the ammonia from coke-oven 
^ipises, passes these by means of a steam injector ipto 
7^ bath of acid at such an angle that they blow away 
tar Ind make it run away. Through the injector at 
;the same time enough fresh acid is carried into gas to 
.'saturate all the NH,. The acid tank may also be constructed 
. with a partition over whichk-the blown-away tar flows into 
a separate compartment. > 

Brunck (Ger. P. 167022; B. P. 23984, 1904) passes the coke- 
■oven gases in a state of fine division through sulphuric acid of 
sp. gr. 17, at such a temperature that the ammonium salts 
formed separate out in a solid state and can be ladled out, fresh 
acid being run in as required. The required temperature is 
produced by the hot gases themselves. 

Brunck’s Ger. P. 181384 and Fr. P. 356589 prescribes taking 
most of the tar out by centjifugailizing the gases before they 
enter the absorbers. 

Reininger (Ger. Ps. 166719 and 167033,1904) adds to the 
coke in the ovens calcium carbide, made up itfto blocks by means 
of dehydrated tar or other non-aqueous organic agglutinating 
matter, and during the op^ation passes nitrogen or gases rich 
'in nitrogen through the oven, in order to increase the yield of 
ammonia. By Oer. P. 168939 he protects the addition of a 
mixture of hot dehydrated tar and calcium cyanamide to the 
coal before coking. * 

. DuCPs Fr. P. 352180 treats the gases first in a washer, then 
in a tower for absorbing the NHj, and lastly in a cooler.' The 
liquor condensing in the latter is used again in the wuher, 
until it is strong enough to be united with that from the 
absorbing-tower. 

Mars, Byqua, and Laurette (Fr» P.*355375) absorb the NH, 
of the distillation gases by peat or sawdust, impregnated with 
sulphuric acid, and employ the product obtained directly as a 
fertilizer. ^ 

Andrew Short Chem. Ind, 1907, pp. 581-585) 

^describes the carbonization of Durham coking-Cbal and the 
^distribution. of nitrogen" and sulphur. The higher the 
temperature, the more ammonia is destroyed and the more 
,cyaiiide*ls formed. He finds the liquor to contain 98-31 per 
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cent, nitrogen as ammonia, 1-47 per cent, as cyanides, 0‘22 
per cent, as sulphocyanides. Of the sulphur, 90-46 per cent, is 
prejent as sulphide, 4-96 as sulphocyanide, 3 05 as sulphite and 
thiosulphate, 1-53 as sulphate. 

Dun'nachie (Fr P. 385066, 1907) withdraws the gSses from 
coke-ovens, gas-producers, etc., from the hottest zone, where 
cyanogen and cyanides occur. These compounds are directly 
converted into ammonia by means of steam or atomized water, 
and if necessary, with a little air. 

Lessing (Fr. P. 381186) prevents the gases and vapours, 
produced between the periods of coke-making, by an arrange¬ 
ment of valves, from entering the main receiver, where they 
might cause an explosion. 

C. Otto & Co. (Ger. P. 203254) treat the hot coke-oven gases 
with a spray of tar or tarry gas-water, produced by a jet of air 
which at the same time aids in carrying away the gases. Coke- 
oven gas which before this treatment contained 45 g. of tar 
in a cubic metre, afterwards showed only 2-5 g., and can be 
introduced directly into the acid intended for absorbing the 
ammonia. • 

Hilgenstock (U.S. P. 1098900) removes the tar from the 
gases by treating them with a spray,of tar, or of tar-water, and 
passing them into an acid-bath which gets heated by this pro¬ 
ceeding, and retains the ammonia, allowing the other gases to 
go away, • 

Twynam (B. P. 1820, of 1914) converts the excess of coke- 
oven gases, not required for the working of the plant, first into 
mechanical energy, and then into electrical energy, which is 
utilized to produce nitric acid from the air; this nitric acid is 
used for absorbing the ammonia contained in the crude coke- 
oven gases to produce ammonium nitrate. • ' 

Bergfeld's Ger, Ps. 25^593, 263905, and appl. B65600 also 
refer to this process. 

Statistics on the. Production of Ammonia from Coke-ovens. 

The Forty-fourth Report on Alkali, etc., IfWks (for 1907), 
p. 46, gives the following statistics on the production of 
ammonia, etc., from coke-ovens, calculated as sulphate, in the 
United Kingdom. In 1886 the first Setnet-Solvay recovery 
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ovens were erected, in 1897 the first Otto-Hilgensfock ovens, 
and were followed, by other types later on. The production in 
the year 1895 was under 2100 tons. The figures for reqent 


years are:— 

« Tous. Tons. 

1898.... 5,403 1903 • • • 17,438 

1899. . . 71839 '904 • . 20,848 

1900. . . 10,393 1905 . . . 30,732 

1901 . . . 12,255 ‘906 • • 43><>77 

1902 . . 15,352 1907 . . . 53,572 


In the United States, in the year 1914, 2,117,043 tons of 
coke were made; 67-2 per cent, of this in the old beehive ovens, 
and only 32-8 per cent, with recovery of the by-products. 

In Germany the extension of this industry has been much 
faster. In the principal coke-producing district, that of Dort¬ 
mund, the production of sulphate of ammonia from this source 
increased from 53,636 tons in 1903 to 155,191 tons in 1907. 

• 

Ammonia from Blast-Furnacf Gases. 

The general principles of the recovery ef ammonia, along 
with a certain description of tar, from blast-furnace gases have 
been mentioned in Chapter II., pp. 169 et seq .; and we must, in 
the first instance, refer to that description, more especially of 
the Gartsherrie process (Alexander and M'Cosh’s). In this 
place we only mention tho.se methods whick, neglecting the tar, 
exclusively aim at recovering ammonia from blasf-furnace gases. 

To begin with, we point out that ammonia can be recovered 
only from Such blast-furnaces as are worked with raw coal, 
since undoubtedly most of the ammonia comes from the 
nitrogen of the coal. But it is certain that some of it is formed 
from atmospheric nitrogen by reactions taking place within the 
furnace, principally those which in fhe first instance lead to 
the production of cyanides, which are thereupon decomposed 
by aqueous vapour, but only part of the amtnonia thus formed 
is found in the gases escaping at the furnace mouth, much of it 
being decomposed a^ain within the furnace. ^ 

Hilgenstock in 1885’pointed out that part of the ammonia 
found in blast-furnace gases should be attributed to the use of 
certain iron oxides containing water (brown hematites), especi¬ 
ally suclf as have beert kept a long time in contact with air. 
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In England the observation has been made (Hamilton, 
Jouttt. West of Scotland Iron and Steel Instiiute, No. 4, 1502 • 
Sta^ u. Risen, 1902, p. 5 lo) that sometimes coals, whose quality 
gives a right to expect a good yield of ammonia and which 
show such in the laboratory and at gas-works, give very little 
ammonia when employed in blast furnaces. The reason for this 
behaviour was sought in the large percentage of water in the 
ore, which somewhat reduces the temperature; but when this- 
was reduced by partially or entirely roasting the ore, the yield 
of tar and ammonia did not rise, and the reason of this 
difference between the behaviour between English and Scotch 
coals has not yet been found. 

Swindells and Lancaster (Fr. P. 115832, of 1876) believe 
they can recover, not merely the preformed ammonia, but also 
that obtainable by the decomposition of cyanogen compounds 
contained in blast-furnace gases, by means of superheated 
steam. The gases, after mixing with this, are passed through 
red-hot fuel, then through milk of lime, and finally through 
red-hot chambers filled with broken bricks, whereupon they are 
scrubbed for ammonia. 

Chapman (B. P. 5523, 1881) passes the furnace-gases 
through a chamber in which there^ is arranged a set of per¬ 
forated disks. The perforations, through which the gases are 
made to pass, are alternate, so that the perforation of one disk 
corresponds to a solid part of the next. The disks are fixed 
on a horizontal, rotating shaft, and their lower parts dip in a 
vessel containing acid. The lid covering the disks also dips 
into the liquid, whose evaporating-water must be replaced from 
time to time. Another patent of the same inventor (B. P. 6406 
1884) contains some modifications of this process. ’ 

G. Neilson (B. P. 440, 1882) places a very large number of 
plates, made of earthenware or other material, so as not to be 
acted upon by acids, with interstices between them, in a chamber, 
and keeps them sprinkled with a dilute acid, while the gases are 
passed up between the plates; the ammonia salts formed drain 
off at the bottom. 

John and James Addie (B. P. 4758, isb) fix the ammonia 
in blast-furnace gases by mixing therewith sulphurous, or 
sulphuric, or hydrochloric add in the form of gas or vapour, and 
subsequently condensing and recovering the aramoniaCal salts 
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formed. Their process has been discussed by A. Wilson (/. Soc. 
Che-m. Jnd, 1883, p. 458). It was in the first instance devised 
in order to avoid the necessity of cooling the enormous amhunt 
of gase^ evolved from a blast-furnace, being thirteen times as 
much as that coming from a gas-retort for the same quantity 
of coal. The process has been successfully carried out at the 
Coatbridge works, and produces sulphate of ammonia of the 
finest quality. The method is based upon the treatment of the 
furnace-gases with sulphur dioxide, which is allowed to mix 
with them at any convenient part of the flue along which 
they pass. The result is the instantaneous formation of 
sulphite of ammonia, which is carried along by the current 
of gases. These are then washed in a perpendicular .scrubber, 
the water being kept in circulation by a pump. When this 
system is applied to the treatment of producer-gas, whose 
temperature is much higher than that of blast-furnace 
gases, the scrubbers must be cooled from the outside by a 
shower of water. If the temperature of the gases docs not 
exceed 260° C., all the water is used inside the scrubbers, and 
comes out as strong liquor. The specific gravity may be raised 
up to 40° or 50° Tw., if necessary, by the solution of salts of 
ammonia. This liquor 7 s then converted into sulphate of 
ammonia by dwtillation in the ordinary way ; but it may be 
employed for many purpo.ses as it stands, without conversion 
into sulphate, such as, for instance, the production of ammonia 
for the ammonia-soda process or for the manufacture of liquor 
ammonias.. The sulphite of ammonia thus obtained is^always 
mote or less mixed with sulphate and thiosulphate ; but this, of 
course, is of no consequence, as the di.stillation with lime»brings 
off the whole.of the ammonia. Wilson gives the following 
analysis of the crude liquor of 15° Twwddel!:— 


Sulphate of ammonia 
Sulphite of ammonia . 
Thioaulphate of aftinfonia* . 

Total ammonia-salts . 


Per cent, weight. 

4d volume. 

2*57 containing NH3 0*66 
3*44 .. » 

4-i 8 „ * j, 0’96 

10-19 .. » 2-63 


Another crude liquor, evaporated to dryness, gave a 
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salt showing the following composition (Tatlock’s analy* 


Ammonium sulphate 

36-13 per cent. 

„ sulphite 

1975 

5» 

„ thiosulphate 

33-10 

M 

.Sodium sulphate . 

8-58 

„ 

Free sulphuric acid' 

trace. 


Insoluble .... 

0-03 

» 

Organic matter 

2-11 

100-00 * 


Total ammonia 

20-31 per cent. 

Equal to sulphate of ammonia 

78-85 

)> 


The sulphur dioxide used in this process is obtained from 
sulphurous shale, coal brasses, pyrites, etc., burnt in a retort by 
means of a forced current of air. 

With regard to the question as to whether gas treated in this 
manner carries away any sulphur which might prove objection¬ 
able in metallurgical or other processes for which the gas is 
subsequently employed, it is interesting to quote the following 
testing (by Dr Clark) of Messrs Addie’s gas-flue beyond the 
scrubbers, the apparatus being worked with excess of sulphur 
dioxide in the ordinary way:— 

Sulphur per cubic foot of gas . . ■ o-i g. 

„ per ton of coal burned . . 1-85 lb. 

per cent, of coal burned . . 0 ’q8 

Hence the sulphur in excess is only about one-tenth of the 
amount which must exist originally in the coal itself 

In.«tead of sulphur dioxide, R. Main and W. Galbraith (B. P. 
10448,1880) bring the gas from blast-furnaces, or that evolved in 
the destructive distillation of coal, shale, etc., into” contact with a 
spray of hydrochloric acid, and afterwards convert theammonium 
chloride into sulphate. This process (already suggested as far 
back as 1 844 by Bunsen and Playfair) has never been carried out 
in practice, and Addie’s process, .ilso known as the Langloan 
process, c/ supra, 175, was only worted there from 1884 to 
1892, In that year the Langloan furnaces were stopped, and 

‘ How can free sulphuric acid exist in the presence of sulphite and 
thiosulphate p 

» Sic in the original; the real total is 9970. 
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when they were started again in 1900, the Dempster process 
was introduced. 

J. Dempster (B. P. 11250, 1874) places between the blast¬ 
furnaces, and steam-boilers or stoves where the furnace-gases 
are to be burned an ordinary ammonia-still, with its usual 
sulphate apparatus, “ dust-boxes,” and “ condensers.” The gases 
are then taken to washers and scrubbers, where the last traces 
of ammonia are absorbed. 

Korting Brothers {Dingl. folyt.J., ccliv., p. 260; /. Soc. Chtm, 
Ind, 1885, p. 220) have devi.sed a special arrangement of pipes 
for cooling and washing the waste gas, as shown in Figs. 247 
and 248.- The tubes are arranged in three row-.s ; and connections 



Fig. 247. Fig. 248. 


between the Individual pipes of each row are so made that the 
gases pass up through one set of five pipes and down through 
the next. A set of 450 tubes, of i ft. diameter and 12 ft. 
long, gives a total surfa(;eof f 8,^00 superficial feet cooled by the 
air. An injector m^y be aSvantageously applied at different 
points of such a system. 

We shall also show here the washing-chambers, devised by 
Young afld Beilby, intended to decrease the velocity of the 
stream of gas, and thus to effect a complete separation of 
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tarry matters. In this arrangement (Fig. 249) the gases arc 
introduced by the conduit g, and enter the chamber by the 



Fig. 249. 



openings, e e, covered with leaden bells. A fine spray of water, 
or acid, is maintained during the passage of the gas. The 
washed gases pass away by g, the washings by a. 
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Fig. 250 shows a somewhat more advantageous arrangement, 
consisting of a series of chambers built on different levels, so 
that the liquid employed for washing can be introduced at the 
opposite end of the system to that at which the gas enters, and 
passes simply by gravity through the whole series, until spent. 
Thus it is not necessary to lift the liquid to the top of the 
chamber and there to spray it. The size of the chambers is such 
that for 100 cub. ft. of gas passed through in twenty-four hours, 
at least 0-5 cub. ft. of space is provided. Large chambers, 
in which the cooled gases can come to rest and deposit their 
particles of tar, appear to be most suitable for the complete 
separation of the tar. 

Mackay (B. B. 14060, 1889) scrubs the gases successively 
with water and tar-oil, to extract all the ammonia and tar. He 
first cools them by passing them in annular jackets round the 
absorbers. Other patents for the purpose in question have been 
taken out by Imray (B. P. iQSSg, 1894) and the Coltne.ss Iron 
Co. (17673, 1899). 

At the Summerlee iron-works the gases formerly were, 
without previous cooling, brought into confact with sulphuric 
acid in lead-lined towers, thus obtaining a solution of ammonium 
sulphate. That process wgs a precursor of the Mond process 
(p. 1213), but it was abandoned in 1901 and arrangements were 
made to cool and* wash the gases with water, as it is done at all 
other Scotch iron-works. 

R. Hamilton described a process for producing ammonium 
carbonate from blast-furnace gases, which certainly contain all 
the CO2 arid HjO required, but the product never caitie out 
sufficiently pure. ', 

. Reininger (Ger. P. 167033) increases the yield of ammonia in 
blast-furnace work bjl introducing an alkaline carbide into that 
part of the, furnace where the temperature is about 800° to 
1000° C. 

The recovery of the by-products from the gases of Scotch 
blast-furnaces is discussed in^ietail in the Transactions of the 
Institution of Enginev'S.^nd.Shipbuilders in Scotland, 1896, part 
25 [Stahl u. Eisen, 1896, p. 383). The quantities of ammonium 
sulphate recoverable from 'this source (which must be approxi¬ 
mately tjjie same as in the gas from Carves coke-ovens, i.e., 0-9 
to I'36 per cent, of the coal) are quite considerable. Assuming 
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a yield of li'3 kg. of sulphate of ammonia per ton of coal, and 
the yearly average coal consumption of the Scotch blast-furnaces 
= 2^ million tons, the production of sulphate of ammonium from 
this source would be 28,250 tons per annum. This calculation 
cannot be applied to the English and Welsh blast-furnaces, 
because these work with coke, while the Scotch furnaces are 
worked with splint coal. 

According to the Forty-fourth Report on Alkali, etc., Works 
(for 1907), p. 45, iron-works recovering ammonia from blast¬ 
furnace gases are almost entirely confined to Scotland, .since only 
in special districts coal is found of sufficient hardness to stand 
in the blast-furnace without crushing. The English works of 
this class are confined to Staffordshire, 

Ammonia from Producer-gas.^ 

We have had occasion before to mention the recovery 
of ammonia from the aqueous fluid condensed from gas- 
producers or “generators”; thus in connection with the 
processes of Mond and of Addie (pp. 1213 and 1246), which 
Wilson believes to be applicable to his gas-producers. 
Evidently most of the processes d^escribed in the preceding 
and in the following sections would apply to gas-producers, 
provided the ammonia recovered paid for >the cost of the 
operation, and that-the latter'did not injure too much the 
efficiency of th'e gaseous fuel, which in any case it will do by ’ 
cooling it. 

We may also mention the process of Fogarty (p. 1119), 
although in this the ammonia originally present in producer-gas 
plays only an insignificant part 

Rigby (B. P. 20716, of 1901) describes ‘a condensing- 
apparatus for that purposft. 

According to the B. P. 18558, 1914, of Rigby and Wet- 
carbonizing Ltd., 'peat which has been treated by heat, or 
wet-carbonized, is used as absorbent for ammonia from gas- 
producers. Thp ammonia fixed by the ^peat is not liberated 
below 100°, and the product possesses valuable fertilizing power; 
its nitrogen content can be raised to •about 3 per cent. 

In ordinary cases it does not pay to take the ammonia out 
' See also supra , pp. IJ07 and 1231. 
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of producer-gas, as this contains much less of it tharf coke-oven 
gas, and the expense of cooling and washing for a certain yield 
of ammonia is too great, or even quite prohibitive when anthra¬ 
cite or coke is used, as is altogether the rule for gas-producers. 
There is no getting over the fact that the temperature at which 
the producers must be worked to yield a good quantity and 
quality of gas, say from at least 800° up to 1000“ C., is 
deleterious to ammonia, the decomposition of which, when not 
protected, according to Ramsay and Young, begins at 500" and 
is fairly complete at 780° C. The presence of a large volume of 
steam or of hydrogen, etc,, retards the decomposition of the 
ammonia; but in ordinary cases, anyhow, not much of it is 
found in producer-gas {cf. Rowan, Iron and Steel 7 rades Reincw, 

1908, p. 1594). 

The case is, of course, different when the recovery of 
ammonia is purposely made a principal feature; this case 
has been already treated on pp. 1207 et scq., especially the 
Mond process. 

Woltereck {cf. supra, p. 1231), in Comptes rend., 1907, p. 929, 
discusses the formation of ammonia andiyelfTdes in a Dowson 
gas-producer. 

Lymn (B. P. 8014, of itjp8) describes an absorbing-apparatus 
for the ammonia in producer-gas. 

Jacob Wolf«(Ger. P. 281317) obtains ammonia from a 
mixture of carbon monoxide, nitrogen, and water, by adding 
the water only after the mixture of carbon ^nonoxide and 
nitrogen has left the producer-space. According to him, the 
yield of arfimonia from the usua. gas-producers could .not be 
satisfactory, since the temperature in these is much too high 
for the stability of ammonia, nor can the temperature in the 
producers be lowered, or the heat be fully utilized—drawbacks 
which are ayoided in his process. 

Koppers (Ger. P. 279550) increases the rate of working and 
the production of.ammonia in gas-produceVs by introducing a 
combustible gas such as hydrogen, keeping the temperature 

high enough to burn,ih. , » 

The production of tar and ammonia from water-gas is 
described in the B. P. 2650, of 191.4, of Moore, Dowson, and 

Mason’s Gas Plant Co. , - 

Besemfelder {Chem. Zeit., 191 5 , P- 925 ) recommends, in lieu 
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of burning coal in the usual way for household and industrial 
purposes, to convert it into “ mixed gas " of constant composi¬ 
tion, whereby not merely tar and benzol are obtained, but the 
yield of ammonia is raised from 14 to 70 per cent, of the 
nitrogen of the coal. 

Sachs (B. P. 28735, 1913; Ger. P. 274011) withdraws the 
gas from the interior of the fuel through perforated tubes, 
provided with a cooling-device (such as a coil or water-jacket), 
whereby up to 90 per cent, of the nitrogen of the fuel can be 
obtained as ammonia. 

Ammonia from Ordinary Products of Combustion 
(Coal-smoke). 

We comprise in this section the attempts at recovering 
ammonia from other sources than those previously enumerated; 
especially from the products of cornbustion in ordinary cases, or 
where they are mixed with vapours more charged with ammonia, 
e.^., when carbonizing bones in pot-furnaces. In these cases the 
methods hitherto A.umerated are not sufficient to sift out, as 
it were, the very small quantity of ammonia from among an 
enormous volume of diluent gases; ijor can it be said that this 
problem has been satisfactorily solved by any inventor. 

Fr. Lorenz (B. P, 6008, of 1882; Ger. Ps. 26638 and 26979) 
employs the gases from bone-char furnaces first for raising steam, 
and then passed them through regenerators, to give up most of 
their heat. After this they are mixed with hot steam; the 
mixture of gases and steam is sent into a scrubbef; the cold 
gases coming from the scrubber are first reheated, in order to 
again saturate them with steal?, by being made to traverse 
the regenerators in a direction opposite to that of the gases 
coming direct from the fufnaces, and are then sent into another 
scrubber fed with dilute sulphuric acid. [The idea of mixing 
the furnace-gases, containing an exceedingly, minute quantity 
of ammonia, with steam, or water m a fine spray, vaporized by 
the heat of th^ gases, in order to_ make, the ammonia more 
easily condensable in a scrubber, because only in this way 
would there be a sufficient contact with water .for all the 
dispersed molecules of ammonia, was suggested to the “in- 
ventor " in a detailed memoir sent to hint by myself ^Lunge) 
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on 29th June 1881. This idea has been incorporated in the 
above patent, without leave being given or any notice received 
by me,] 

' H. Neumeyer (Ger. P. 24511) employs hot sulphuric acid for 
absorbing ammonia from gaseous mixtures. The acid is con¬ 
verted into a fine spray, by issuing under pressure from holes in 
a vertical pipe, made of an alloy of lead and antimony, and 
strikes against the sides of an outer pipe, while the gases con¬ 
taining ammonia travel through the annular space between the 
pipes. The liquor collecting at the bottom is heated by a steam- 
coil, and by a force-pump is pumped back into the spray- 
producer. Thus a hot and concentrated solution is obtained, 
from which ammonium sulphate separates on cooling. 

H. Wellstein (Ger. P. 28762) likewise employs a spray of 
heated sulphuric acid, which strikes against the cover of the 
chamber through which the gases containing ammonia are 
made to travel; whenever, a certain quantity of liquor has 
collected at the bottom of the chamber, it passes,through an 
automatically opening valve into a pulsonjgt^r, where it is 
subjected to heating from without, and*tSe vapour generated 
thereby causes the pulsometer to act, and to force the acid 
liquor back again into the upper reservoir, till it is completely 
saturated with ammonia. 

The Socidte* anonyme Lorraine industrieile de Hussigny 
(B. P. 5828; 1884) recommends the absorption of ammonia from 
furnace-gases by calcium chloride. The mixture of calcium 
carbonate jnd ammonium chloride formed is either to be used 
as an ammoniacal manure, or, by heating, scsquicarbcJnate of' 
ammonia can be obtained, which is to be employed.in the 
ammonia-soda, process. 

Dow (U.S. P. 73^65) also brings^the gases into contact with 
a hot solution of calcium chloride, adds calcium hydroxide, and 
blows out the ammonia by a relatively coo] gas. 

W. For.ster {Ckem. Zeit., 1894-1895) found in the soot from 
a coal-fire ii -55 per cent, ammonium sulphate. [This seems to 
be quite an exorbitantly high figure, which carniot be accepted 
as valid for ordinary purposes.] 
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msTOKlCAL NOTES (^N AMMONIA 
Risk and Future of the Industry of Ammonia. 

Historical Notes on Ammonia and its Compounds} 

The knowledge of free ammonia cannot be pursued further back 
than the seventcentlfcentury. But long before that time certain 
compounds of ammonia have been ttilized for various purposes, 
of course without any idea of their essence. We begin with 
that which is the earliest known— Sal-ammoniac (Amm uiium 
chloride). 

Dioscorides, ki his Materia tHedica, written about the 
year 50 ^fter Christ, makes some remarks on the fumigation 
with haiSwlwrn, On the propertiSs of putrefying urine, and on 
the nauseous smeB of crude “nitron” (impure soda) and some 
descriptions of alum. Pliny (Kopp, Gesch. d. Client., iii., p. 236) 
.also mentions the smell of the “nitron,” priflcipally coming 
from Egypt, given oft on contact with lime “Cake Sspersum 
reddit odorem vehementum.” This might lead to the 
conclusipn that the Egyptians already in the commencement 
of our era were acquainted with the preparation of ammonium 
carbonate, which they confounded with “ nitrura,” the saltpetre 
of the ancients, because its effects in some respects are the same. 
At Sll events the ancients knew that putrefietjp urine is of 
-alkaline na(;ure»(a» \« express it now), and utilized this by 
emptying it for "Sashing purpose^, like alkaline dyesf* 

It is true that much earlier, in the fifth century before Christ, 

, ^ We follow here in many points the paper by E. % von Lippmann, in 
Chem, Znt., I9091 No. 14; otherwise the treatment of this subject in Lunge 
an4 Koehler’s SteinkoliUnteh»uik Avmoniak, 
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Herodotus speaks of the “ hals ammoniakos,” i.e., ammoniacal 
salt; but he evidently meant the crystallized rock-salt (sodium 
chloride) found in the Oasis of Jupiter Ammon, and so do all 
the following Greek and the later Syrian and Arabian authoft, 
up to the sixth century of our era. This is unmistakably/i 
proved by the writings of other Greek and Latin authors, 
quoted by Kopp, loc. cit. ' 

The question at what time “Ammonia” in the present 
meaning has been first mentioned, is complicated by the. fact 
that the word “ ammonia ” occurs in two entirely different mean¬ 
ings. With one of these, the “gum ammoniac” (which is a 
kind of resin obtained from an umbelliferous plant growing in 
abundance near the temple of Jupiter Ammon, in Egypt), we 
have nothing to do here. The other meaning of" ammoniakon,” 
or “sal ammoniacum,” is that which we now connect with the 
word “sal-ammoniac,” I'.e., ammonium chloride. The word 
ammoniakon occurs in the first meaning already in the 
writings ascribed to Hipptjcrates, and dating from the fifth 
century before Christ; also in those of Pliny, Dioscorides, 
and other authors of the classical times, as well as later on in the 
writings of medireval Arabians and Europeans. 

According to Treumani {Chan. Zeit., 1909, p. 49) and 
Schone {ibid., p 77) the “ Armoniacum,” mentioned in the 
Hortus Sanitatis of 1555^ means the gum-resift justjuwentioned. 
According to Lippmann (/ 7 «'rf., pp. 117 and'186) that word in 
the Hortus Sanitatis means both the gum-resin and the 
ammonium chlftride, which was already known by Pliny, who, 
rather indistinctly speaks of it as sometimes occurring in 
Egyptian “nitron” (natural soda). But a more accurate 
knowledge of it dates only from the development. of the 
processes of sublimation and distillation in ^ypt, about the 
fourth century after Christ, since it was evidently observed 
when burning earael diftig in fireplaces provided with a 
chimney, fhe Arabian polyhistor, Al-Garitz •(deceased in 
869 A.D.), mentions sal-ammoniac as one af the ipatters well 
known wfeave been obtainedjay the Arabs frdm the Giyefe, by 
the Persian name “nashadir” or almizadir,’’ which is found 
in various other Arabian and Persian authors later on (who 
the Word “amraftnish salt” always understood _rock-salt, vidt, 
supra). As “sal armoniacum,” ^ugesal-ammoniac is first" 
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mtfntioned by the European chemists of the twelfth century, 
and frequently in the sixteenth and seventeenth centuries, 
either in that form or in that of “ sal ammOniacum." 

• According to Schramm {Chem. Zeit, 1909, p.*529), the first 
^occurrence of the words “ sal armoniacum ” in the meaning of 
ammonium chloride in print is in a bookfet on the removal of 
grease spbts, printed in 1532 by Peter Jordan, at Mayence, The 
word “ salmiak ’’ occurs first about i/cx). 

The first reliable communications on real sal-ammoniac 
(ammonium chloride) are found in a treatise of Geber (who lived 
from 701 to 765 of our era), with the title De investigatione 
magisterii, in which he accurately describes its preparation and 
sublimation from urine and salt. In the subsequent trans¬ 
lations of that book that salt is quoted as “ sal ammoniacum ” 
or “ armanoriacum.” Basilius Valentinus (in the fifteenth 
century) cites it as “ salarmoniac,” “ armenisches Salz,” “ Salz 
aus Armenia,” or ** armenischer salarmoniac.” According to 
Kopp {loc. cit.) it cannot be assumed that sal-ammoniac has 
been brought to Europe before the seventh century after Christ; 
it probably came from the Central-Asian volcanoes under the 
designation of “ Armenian salt,” which in the course of time 
changed into the«words sal armoniacum, sal ammoniacum, and 
salmiak (the present German designation). It is also well 
known that sal-ammoniac duriTig a long time was imported 
into-Europe from sAsia, and especially Irom Egypt, where Sicard 
(1716), L^m^ry (1719), and Duhamel (1736) saw its preparation 
, from camels’ dung. • 

Much later, in the .second half of the seventeenthf century, 
the preparation of .sal-ammoniac on a large scale commenced 
to be practised in Europe. Here also at first the material to 
start from was,the urine of men or animals. According to 
Kt)pp, the first factories for the production of sal-ammoniac were 
those of Dovin and Hutton, at Edinburgh ^1756), Gebriider 
Gra?enhorst,^it Brunswick (1759), and Baume, in^aris (about 
1770). We.muftt Isol* at sal-ammoniac as the first product of 
the tndpstry 8f aRimonia which jjas been obtained a large 
scale with a clear aim. Subsequently it has served as starting- 
material for the preparation of all other salts of ammonia, and 
for that, of free ammonia itself. 

Of much later date i»tJietfecognition of Ammonium Carbonatt 
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and that of Fre^ Ammonia. Kopp, who made a painstaking 
search in the Arabian writings coming into question, and 
especially in those *of Geber, could not find any positive 
statements on them; nor is this*the case with the places4n 
Dioscorides and Pliny. The first distinct mention is founc^ 
in the Experiments of Raymundus Lullus, written in the 
thirteenth century, who describes the preparation of the 
"volatile alkali salt” from putrefied urine, and draws attention 
to its great volatility, and its strong smell. In the fifteenth 
century Basilius Valentinus showed how that salt, which he 
calls “spiritus sails urinx,” can be obtained in a simpler 
way by distilling sal-ammoniac with Oleum tartari (potassium 
carbonate). His idea of the formation of “spiritus urin®”in 
the human organism is exceedingly nafve. According to him 
that salt is formed in the human body from wine, which makes 
its way into the urine, where the salt is then found. Since in 
Armenia the best wine is drunk, and tht men’s urine serves 
for preparing the salt of Armenia “ so nimmt es nicht so langes 
Wesen, den Spiritus sails urinx daraus herzustellen.” But the 
preparation of ammonium carbonate during a long time after 
that took place principally from blood, 'bones, hartshorn 
(therefore the designation “tHirschhornsalz”)* ivory, and other 
animal matters. As late as 1713 Biet prescribes its preparation 
by distilling 5 lb. of the *skull of a man, dig^ on the 
gallows, or in some .other unnatural way, with 2 lb. of dried 
vipers, hartshorn, and ivory. 

• No doubt Basilius Valentinus, who distilled sal-ammoniac 
with lime, and Robert Boyle, who employed. lime for preparing 
“ volatile alkali salt ” from animal matters, must have had free 
{caustic) ammonia in their hands; but they did not recognize it 
as different from “volatile alkali salt”; no more did Lem^ry 
(1865), who distilled sal-ammoniac both with lime and with 
potashes, but did not recognize any difference between the 
products of^these two operations. Van Helm*nt, the tnost 
celebrated naturalist of that epoch, considered ^le solidification 
of volatile*alkali salt by spirit^ of wine to be <he %ause/o* the 
occurrence of urinary calculus in the human body. 

The first certain ‘indication of caustic ammonia is madefy 
Kunkel (1716), who compares it with the caustic alkalis, and 
points at its difference agains*t thj qjild (carbonated-) alkalis. 
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The designation of “spiritus volatilis salis armoniacum,” 
introduced by Glauber already in 1658 for the volatile alkali 
salt, was now changed into “ alcali voAtile salis ammonia- 
cwn,” and abbreviated in 1782 by Bergman and the Frencfi 
^ihemists of that time into “ Ammoniacum,” “ Ammoniaque,’’ 

“ ifmmoniak.” • 

The discovery of gaseous ammonia dates only from I 774 ) 
when Priestley distilled sal-ammoniac with dry caustic lime, 
and collected the gas given off over mercury. He very soon 
recognised its alkaline quality, and called it “alkaline air.’’ 
Basing on this discovery, and on the previous work of Priestley 
and Scheele, Berthollet, in 1785, and still more distinctly in 
1805, finally established the composition of ammonia=NHg, 
by decomposing it by means of the electric spark. 

Of other compounds of ammonia, known to the chemists of 
former times, we mention the sulphate, described by Libavius in 
159s in his Alchymia; later on Glauber prepared it by 
saturating sulphuric acid with v(ilatile alkali, and called it 
“sal ammoniacum secretum Glauberi.” He also prepared the 
nitrate by saturation of nitric acid, and de.scribed it as “ nitrum 
flammans.” Compounds of ammonia with sulphur were prepared 
already in the fifteenth century by iiasilius Valentinus, by distil¬ 
ling sal-ammoniac with lime and sulphur, or of “ spiessglas ” 
(antimoniipi sulphide), lime, sal-ammoniac, and sulphur. Later 
on ammonium suiphide was described Beguin (1608) and 
"Boyle (1663), after whom it was frequently designated as 
“Spiritus fumans Boylei.” •• • 

Th€ application of ammonia and its compounds in former 
centuries was confined to medical purposes and purely scientific 
investigations; only that of sal-ammoniac for the tin-coating 
of metals is mentioned by Agricola (1490 to 1555). Up to the 
end of the eighteenth century there is no trace of an industrial 
production of ammonia and its salts.. Even tqwards the middle 
of the last cantury one of the most distinguished chemists of 
that time, J. Putjiaj, mentions the ammonia salts only as 
“raAe| impdrtafit’’ for technical, purposes, and probjibly more 
so at no distant time. Their consumption, he says, would be 
cqpsiderably increased if they were introduced into agriculture * 
for manorial purposes, on which point experiments were going 
on in severaf countriqsg ^As t'aw materials for a profitable 
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production of ammonia Dumas mentions animal substances, 
such as the carcases of various animals, camels’ urine and 
faeces, urine from privies, and the ammoniacal liquor of gas¬ 
works, as well as the residue frohi purifying gas by solutions 
of metals, but principally bones, which on destructive distillai- 
tion furnish an aminoniacal liquid. He goes into some devils 
on the recovery of ammonia in the shape of sulphate liy filtering 
gas-liquor, or the richer liquor obtained by the charring of 
bones over gypsum, or by distilling this, or putrefied urine, 
with lime in vessels provided with agitating-apparatus, collect¬ 
ing the vapours in sulphuric acid of 52“ B^., and boiling down 
the solution of sulphate of ammonia up to the crystallizing- 
point. 

As late as 1869, R. Wagner [Chmische Fabrikindustrk, 2nd 
ed., p. 401) mentions urine and the products of the charring 
of animal substances as important sources of ammonia; but 
already in 1873 {Chem. Technologic^ 9th ed., p. 273) he says that 
these sources of ammoniac have lost their importance since the 
general introduction of the illuminating-gas made from coal, 
and the working of the gas liquor obtained in this for ammonia 
salts. * 

But even at that time tht ammoniacal liquor, as well as the 
tar obtained as by-products in the coal-gas manufacture, were 
considered as troublesome Anatters. In *1863 ^Hurcourt 
{Eclairage an gaz, p. aod) states that the Compagnie Parisienne 
du Gaz, which had commenced to work up its own gas liquor 
for ammonia salts, made such small profits therefrom that it 
hardly paid the costs. Moreover, Jhe public authorities 
interfered very much with this industry on account of the 
nuisance caused by bad smells.' Schilling states in 1869 (/. 
Gasbekucht., p. 355) that the gas-works had ^ spend a good 
deal of money to get rid of the gas-liquor; and in 1874 
1874, p. 118) one of the»most important German gas-works 
■was comf)ej^ed to carry their large production«of gas Ifquor 
in tank-carts through the town, in order.to .rui^ it into the 
river belpW it. 

Since then the state of matters has very much changed. It 
has become more an2 more certain, in the first instance through 
the labours of Liebig and his school, that there is a vast field, 
for tlie application of nitrogen ynipunds for agricultural 
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purposes. It is true that for a considerable time the require- 
■ ments of the soil for nitrogen had been satisfied by means of the 
nitrate of soda, found in Chili. In fact most cultivated plants 
assimilate the nitrogen offered to them only in the form of* 
nitrates, and the ammonia must be transformed by the action 
of microbes into nitrates, before the plants’can benefit from it. 
Consequently its action is slower than that of the nitrate, but 
all the more lasting, since it is also in the shape of sulphate 
absorbed by the soil and retained in it, whereas the nitrate of- 
soda is liable to be washed out of the soil by rain and other 
forms of humidity. It has taken considerable struggles to 
attain for sulphate of ammonia a rank equal to that of nitrate 
of soda in the tilling of the soil; but nowadays agriculture is by 
far the greatest consumer of ammonia, in sharpest competition 
with nitrates, as predicted by Dumas half a century ago. 

But also for industrial purposes the application of ammonia 
has made immense Strides since that time. We will mention 
only a few proofs of that. In the*manufacture of alkali, the 
ammoniacal soda process, in the first instance through the 
work of Solvay, has got entirely the upper hand over the old 
Leblanc process. Large quantities of ammonia are absorbed 
by the industry tif coal-tar coloufs, by bleachers, dyers, and 
calico printers; smaller, but very sensible quantities for the 
zinc-coatijifi (galvanizing) of iron^nd in the galvanic industry 
altogether. Quite*a new application of ammonia is that for 
producing low temperatures, which acted back on itself, by 
the successful introduction of the liquefying *vJf ammonia oh 
a large scale. Such compressed, liquefied ammonia* is now 
manufactured on an immense scale, and serves not merely for 
the production [of cold (by Linde’s and other ice-machines), 
but owing to its^asy manipulation and carriage it has replaced 
animoniacal liquor in many cases in chemical industries. The 
industry of explosive matter, and quift; recently that of artificial 
silk, also absofb considerable quantities of ammonig. 

Owing tcithe inermsed demand for ammonia and its salts, 
the gasJ.iquor, forTherly such a sot^fce of trouble, has*become a 
valuable by-product, just like its companion, coal-tar, and 
nowadays is an important factor of the rentability of gas-works; 

^ also of that of ^coke-works, in Germany certaiifly much more so 
than in Great B^itaii#* ^ course of time a great many 



1048 ■ HISTORICAL NOTES ON AMMONIA* 

proposals have been made for transforming a larger proportion 
of the nitrogen of coal into ammonia, as we shall see. At 
larger gas-works the liquor is worked up on the spot for 
sulphate of‘ammonia or concentfated ammoniacal liquor; this 
goes to the ammonia factories, which also get the ordinary gas 
liquor direct from the smaller gas-works. * 

The recovery of ammonia at gas-works has in the course Of 
time reached very large dimensions, but during the last ten 
or twelve years it has, at least in Germany, been far outdone 
by the production of ammonia in by-product coke-ovens. The 
question may now be raised, what is the outlook for the future 
as to the development of this industry? According to Rau 
{Stahl u. Eisen, 1910, p. 1290) the production of ammonium 
sulphate during the first decade of this century has risen from 
104,000 to 323,000 tons, the consumption from 125,000 to 
322,000 tons, that is almost by 300 per cent, whilst the total 
consumption of nitrate of soda in the safne space of time had 
risen from 470,000 to 63^000 tons—that is merely by 36 per 
cent.; the share of ammonia in the supply of nitrogen altogether 
had risen from 26 to 40 per cent., for agricultural purposes from 
31 to 47 per cent. Great competition for supplying nitrogen to 
the soil is now made by khe fixation of atmospheric nitrogen. 
The manufacture of calcium nitrate by one of these processes 
alone, that of Birkeland and E^'de,wastobe icJo.ooofwnsin 1912; 
that of cyanamide (t‘ lime-nitrogen ”), by thfe process of Frank 
and Caro, was to be 100,000 tons in 1912, and the total quantity 
t>f “lime-nitrcfgen”=233,000 tons. Besides this, the .synthesis 
of ammbnia from atmospheric nitrogen J>y the process of Haber 
and others, which we shall describe later on, is making more 
and more progress. * . ' 

Even the aid of microbes has been invoked for fixing 
atmospheric nitrogen and working it up into vegetetble 
substances. Pure cultures of such nitrogen - assimilating 
bacteria ar^sold by the Farbwerke Hochst undfer the na^e of 
“ Nitragin,” and by the Farbenfabriken £lherf«ld,^s “ Alinite." 
But up Itf the present no tangible results on**a lirge soalcfhave 
been attained in that quarter. 

Another point is of the greatest importance for the future of 
the ammonia it^fustry, viz., the unavoidable exhaustion of the 
Chilian beds of nitrate of soda witj^in«t few^ decades. In 1904 * 
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it was calculated by Semper that these beds, at the then 
existing rate of consumption, would last another forty-four 
years; and since that time the consumptieSn Kas increased by 
about one-third. • , 

, In conclusion, we may venture to take the following views 
concerning the future of the ammonia industry. In the course 
of years tha supplies of nitrate from Chili must diminish and 
ultimately cease; all the greater will be the demand upon 
ammonia products for agricultural purposes; nay, even the 
conversion of ammonia into nitric acid, by the process of 
Ostwald or in other ways, will increase the demand for 
ammonia. The synthetical production of ammonia from 
atmospheric nitrogen must find its limits in the impossibility 
of producing the requisite enormous amount of electrical energy 
in infinitum, whether by water-power or otherwise. As far as 
we can look forward, the principal source of ammonia will 
be always the nitrogeji of coal, just as this has been the case 
for a long time past in the case of the comparatively small 
fraction of coal consumed for the -manufacture of illuminating- 
gas, and more recently by carrying out the coking of the coal in 
such a way that rtie formerly lost by-products, ammonia and 
tar, are recovered. , This last procce|ling is sure to be more and 
more extended. Even the general conversion of the coal to be 
used for hqjjing, iyto gaseous fuelj with recovery of its nitrogen 
in the.shape of amtjionia, is within visible (fistance. 
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SOURCES FROM WHICH AMMONIA IS OliTAINEI) 

Naturae Occurrencic of Ammonia. 

Am.vionia, especially as carbonate, is found almost every¬ 
where in soil, water, and air, as a product of the decomposition 
of organic bodies, but in very slight traces. Although the 
growth of plants seems altogether to depend upon the ammonia 
thus presented to them and upon the nitrates formed by the 
oxidation of that ammonia (along with that formed by the 
electric discharge), yet this ammonia is diluted to such an 
enormous extent that it will ever be out of the question to 
recover it in substance. ' 

In some cases rather niore ammonia is collected in one spot, 
owing to the absorptive faculty of some kinds of clay, of peat, 
etc. But even in such cases' it would .seem Jiopelsas to recover 
it in a direct way,-altiiough this sometimes becomes possible 
indirectly, when the materials in question are subjected to 
cprocesses fori recovering other useful substances, e.g., peat to 
dry distillation, for the purpose of extracting oils ancF paraffin. 
Indeed, the principal source of ammonia, coal, seems to owe its 
nitrogen in a great measure tO' the absorptive faculty of some 
forms of decaying organic matter for the amjnonia oi' air, and 
of that produced within its own mass. 

A more direct opportunity of recovering ammonia is pre¬ 
sented when, under favourable circumstances, the amntOnium 
salts forme^d in the decomposition of organic jnatter are not, as 
usual, once diluted and dispersed, but aVe allfwad to 
collect and concentrate. “Thus solid ammonium carbonate 
is found in the ^ano deposits on the west- coast of Sputh 
America, sometimes in such large quantities that it can be 
exported to Europe. Such amm^^onytm salt fffst appeared in ” 



